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MST CASE SL IY: EM~D TMfl OO OF

I

The Ada Joint Program Offices (AJFO) has had a number of inquiries
on how to estimate the cost of Ada projects, and specifically whether
current software cost models that are non-Ada specific can be
successfully used to estimate the cost of Ada development efforts. No
independent data currently exists that addresses the fidelity of cost
models to predict Ada software costs accurately.

IIT Research Institute ,(Ir) has performed a study for the U.S.
Air Force Cost Center <(AFCI) and the U.S. Army Cost and Economic
Analysis Center' (USACEAC), under sponsorship of the A31O, to assess the
accuracy of current cost models for Ada software cost estimation. The
study focussed on six cost estimation models and their philosopkies
regarding Ada. The bases for these models present different views of
the model developers relative to the costing issues.

The guiding principle for model selection for inclusion in the
study was the availability of models to the AF=, USACEAC, and IITRI.
Models reviewed were as follows:

Ada-Specific Models Non-Ada-Specific Models

1. Ada COC3M4 (IOC) 1. PRICE S (188230)
2. SoftCost-Ada (1.3) 2. SYSTEM-3 (1.03)

3. SPOR/20 (1.2)
4. SASET (1.5)

The version of each model reviewed is indicated in parenthesis beside
the model name.

An essential part of the research is a test case study in which
the cost models were applied to a database of eight completed Ada
projects. Project questionnaires were completed by the developers.
This information was used to derive inputs for each model. Bhasis
was placed on providing a consistent set of inputs across all models.
In addition, models were applied using nominal (average) values for
input ratings while providing actual project values for size,
application type, programmiig language, and other model inputs that
must be estimated early in the life cycle and for which there is no
associated average value. The nominal inputs reflect the level of
knowledge about a new project prior to contract award. Resultant
analyses were based on a comparison of each model's schedule and effort
projection and nominal run results to the actual project resources
expended by the software developer.

I
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Results were evaluated for accuracy and consistency for each of
the following six categories:

1. Overall effort i
2. Overall schedule
3. Goverment contracts
4. Comrcial contracts
5. Camnad ard control applications
6. Tools and environment applications.

Tables 1 and 2 respectively sunarize the test case study results for i
derived and nominal inputs. For each evaluation criteria, the two
models that had the highest performance ratings are listed. Model
results were also evaluated based on the project's design approach and
personnel experience with Ada. Model performances could not be
correlated to the language considerations of the models.

The test case study results demonstrate the benefits of cost
models that assist the estimator in predicting resource requirements
for a new development. The results do not validate the need for Ada-
specific models. Although SoftCost-Ada was most accurate overall, non-
Ada-specific models were comparable in terms of accuracy and
consistency.

The results do recarmend that users consider the following to
determine which models should be applied to estimate Ada software
costs: I

Assess how much information is available about the project
and the developing organization. Application of models to
both regular and ncminal runs in the study showed that model
performances varied with differing amount of project
information. Some performed better with minimum information i
while others performed better with detailed information.

Consider the customer. Model performances were evaluated
based on the type of contract. Some models were more
effective when applied to goverment contracts while others
were more accurate for estimating ccmmercial contracts.

.cider the type of application. Projects targeted in the
.est case study consisted of three different types of
applications: command and control (4 projects), 
I .ils/environment (3 projects), and avionics (1 project). An
analysis of results based on application type revealed that
models that were most accurate on command and control
applications were not as accurate for tools and environment
applications.

I
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TABLE 1

i SUMMARY TEST CASE STUDY RESULTS:
BEST EO PERFOMNCES IN EACH CATEGORY

[Evaluaticn MoelPrformano Range
[ criteria (Within 30%)

Overall Accuracy SoftCost-Ada 4 out of 7 0% to 13%
of Effort SASET 4 out of 8 -29% to -29%

Overall Accuracy SYSTMM-3 4 out of 8 -27% to - 7%
of Schedule PRICE S 3 out of 8 3% to 18%

Overall Consistency SYSTE-3 5 out of 8 -14% to 28%
of Effort PRICE S 5 out of 8 -26% to 22%

Overall Consistency SYSTEM-3 5 out of 8 0% to 28%
of Schedule PRICE S 5 out of 8 -29% to 28%

i Model Accuracy on SASET 3 out of 4 - 7% to 29%
Goverment Contracts COSTMDL 2 out of 4 -25% to - 1%

Model Consistency on SYSTEM-3 4 out of 4 -14% to 28%
Govezment Contracts PRICE S 3 out of 4 -26% to 0%

Model Accuracy on SoftCost-Ada 3 out of 3 0% to 6%
Commercial Contracts SPQR/20 1 out of 4 -22%

Model Consistency on SoftCost-Ada 3 out of 3 -13% to - 8%
Commercial Contracts PRICE-S 2 out of 4 - 1% to 22%

Model Accuracy on SASET 3 out of 4 - 7% to 29%
Command & Control SPQR/20 3 out of 4 -22% to 19%
Applications

Model Consistency on PRICE S 4 out of 4 -26% to 0%
Command & Control SASET 3 out of 4 -15% to 1%
Applications

Model Accuracy on SoftCost-Ada 2 out of 2 0% to 2%
Tools/Environment SASET 1 out of 3 -29%
Applications

Model Consistency on SoftCost-Ada 2 out of 2 -13% to -11%
Tools/Environment SYSTE4-3 1 out of 3 28%
Applications

!ix



TABLE 2

SUMMARY TEST CASE SUDY RESULTS FOR NOMINAL RJNS:
BEST 740 PERFOMAN-CES IN EACH CATBGORY

valuation Madl Performncex IRne
Criteria _(Within 30%)

Overall Accuracy SASET 4 out of 8 -24% to 29%
of Effort SYSTE4-3 3 out of 8 -17% to 28%

Overall Accuracy SPO/20 6 out of 8 -23% to 28%
of Sdiedule PRICE S 4 out of 8 -26% to 21%

Overall Consistency CIOSTIDL 3 out of 6 -23% to 30%
of Effort SoftCost-Ada 3 out of 7 0% to 28%

Overall Consistency SPQR/20 6 out of 8 -28% to 20%
of Schedule PRICE S 5 out of 8 -28% to 29%

Model Accuracy on SASET 3 out of 4 - 7% to 29%
Goverment Contracts PRICE S 2 out of 4 -14% to - 8%

Model Consistency on SoftCost-Ada 3 out of 4 0% to 28%
Government Contracts SYSY'-3 3 out of 4 -26% to 13%

Model Accuracy on COSTMODL 1 out of 2 -24%
Comercial Contracts SoftCost-Ada 1 out of 3 14%

Model Consistency on SASET 1 out of 4 7%
ComWrcial Contracts SPP/20 1 out of 4 -14%

Model Accuracy on SASET 3 out of 4 - 7% to 29%
Camir & Control SYSTE-3 3 out of 4 -17% to 28%
Applications

Model Consistency on SASET 3 out of 4 -24% to 7%
Command & Control SoftCost-Ada 2 out of 4 12% to 28% I
Applications

Model Accuracy on SASET 1 out of 3 -24%
Tools/Enviroment
Applications

Model Consistency on
Tools/Environm nt 0
Applications ______ ______
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I 1.0

1.1 A

The transition to a new technology like Ada takes considerable
time, ccmmitment, and resources. It is generally held that during the

short-term, Ada software projects will cost more as a result of
inexperienced staff, imature software support tools, and design and
packaging costs for developing reusable software. These additional

costs will be offset in the long-term as developers begin to derive the
benefits of reuse and personnel spend less effort maintaining code that

I is less error prone.

Perceptions vary widely on ho to estimate the cost of Ada

projects. Since Ada was established as the single common computer
programing language for all new developments and major upgrades of
Defense systems, two Ada-specific cost estimating models have been

developed: SoftCost-Ada and Ada MCCHV. In addition, cost drivers in

several other models have been adjusted so that they could support
near-term and long-term Ada cost estimating needs.

The bases for these models present the different views of the
model developers relative to costing issues. An Ada study conducted by
Reifer Consultants, Inc. (RCI), developers of SoftCost-Ada, during 1986

IREIF87] concluded that existing software cost models, largely based on
non-Ada develcpment efforts, do not accurately account for Ada's risks
and actual experiences. Power laws for Ada are different from other

high order languages (HOts) and their effects cannot be masked by

adjusting cost estimating relationships. Calibration is different

because of the need to account for the Ada learnin curve and software

reuse.

Dr. Barry Boehm of TIM, Inc., a co-developer of Ada cOfcto, agrees
that Ada and the process for developing Ada software impacts the manner
in which development cost is estimated. While the existing )Cocc has

* 1-1
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done reasonably well in estimating Ada software costs, experience to I
date at nN has indicated that a version of COCC specifically

tailored to Ada would probably do better. The effects of using Ada and I
practices relating to the Ada Process Model lead to new cost estimating

relationships that aco-Lmdate the resulting cost and schedule effects.

Other independent studies conducted by developers of SPQR/20,

SYSTEM-3, and PRICE S recummend no significant modifications. These

studies indicate that present models are adequate for Ada estimation

with the provision that same input parameters are slightly modified

based on Ada experience. User's of these models select their inputs

with regard to a calibrated baseline that represents their typical i
developaent. The input responses reflect the ways in which the Ada

project differs from a reference baseline. Learning curves and reuse

factors are not treated as Ada-unique pencmena.

The Ada Joint Program Office (AJ'O) has had a number of inquiries

on how to estimate the cost of an Ada project and whether current

software cost models that are non-Ada specific can be successfully used

to estimate the cost of Ada development efforts. Currently, there is

no independent data that validates the need for Ada-specific models or
justifies the use of present models that are non-Ada-specific. Part of

the problem in evaluating the accuracy of a model (comparing the

model's projections to the actual cost of a development) is that many

contracts are awarded at a firm fixed price. Thus, unless a concerted

effort is made to track the real cost and scope of the effort, no

assessnent can be made with regard to the fidelity of the model to

predict Ada software costs accurately.

1.20ETI

The objectives of this report are centered around the major issues

regarding Ada software development cost estimation. To assist the cost

analyst in arriving at reasonable Ada cost estimates, this report will

focus on the following objectives:

1-2
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i (1) Determine if software cost models that are non-Ada-specific
can be successfully used to estimate the cost of Ada

i development.

(2) Provide a ccmprehensive review of selected cost models with
regard to Ada-specific cost drivers and issues discussed in
literature. Evaluate model performance in light of the
language considerations of the models to determine any
correation.I (3) Identify which models provide reasonable results when used to

estimate Ada development cost.I
An essential part of the research is a test case study in which

selected cost models were applied to a database of eight cxzrleted Ada

projects. This information was used to derive inputs for each model.
Emphwis was placed on providing a consistent set of information for

each model. In addition, models were applied using nominal (average)

values for input ratings while providing actual project values for

model inputs which have no associated average value. Model performance
was evaluated based on a comparison of each model's projected schedule

and effort to the actual resources expended by the software developer

for each project. The results of the test case study are the bases for

reccnmBrkbM a preferred approach to estimating Ada software costs. A
detailed description of the test case study, results, and conclusions

is included in this report.

1.3 REPORT

The organization of this report corresponds to the defined tasks

I outlined in the study objective:

m Description of the Models - Section 2

This section provides an overview of the philosophy behind
each model with regard to Ada versus other high order
languages. Each model is described with regard to several
potential cost drivers and issues that are believed to have a
different impact on Ada versus non-Ada projects. A matrix
that demonstrates the language considerations of current
models is included in this section.

* 1-3
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Azlication of Selected Cost Models to Ada Prolec -

Section 3

This section provides an overview of the Ada projects
targeted in the test case study. The methodology used to
collect and validate project data, derive the mdel input, I
and subsequently interpret the results of the models
applications is presented.

Analysis of Ada Project Dat - Section 4 I
This section describes the sensitivity analysis performed to
validate cost drivers previously identified and uncover new
cost drivers within an application domain.

Conclusion - Section 5

This section summarizes firdirqs fram each of the defined
tasks described in the previous sections. An approach to
estimating Ada software developnent costs is r-camnid that
considers the differences in the model philoscpies, cost
drivers, and performance in view of the damain of Ada
projects targeted in the test case study. Lessons learned on I
data aquisition and data analysis are also included in this
section.

1.4 TE MLOGY

The following definitions pertain to the terminology used within

this study.

Ada: A programming language that was designed and developed by the
United States Departrent of Defense (DoD) to establish one commn I
programirg language for all its applications and incampatible dialects
used by its programmers.

Consistency The ccuparison of the project's actual effort andI
schedule duration to the model's estimated effort and schedule after a
computed mean value has been applied to each model estimate.

Incremental Develcmnent: A software development paradigm characterized
by implementing and testing one part of a system, then implementing and
testing another, one by one, until the system is complete. I
Instantiation: The process of representing an abstraction by a
concrete example. In Ada, the instantiation of a generic creates a new
subprogram or package that can be used.

Model: The underlying mathematical equation or integrated set ofequations. For example, CO C) is a single equation cost model; pRICE
S is an integrated system of equations and operations.

1-4
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Normalization: The process of conforming or reducing to a standard

Object Oriented Design: A partitioning of a software system according
to classes or objects, not functions.

Packae: An implementation of a given model. For example, SEC)MD and
CIMDL are both implementations of the CflCH) model.

Pilot Develoment: An initial program limited in either scope or
functionality of the final system to test the feasibility of
implementing a new capability.

Program Library: An organized repository of reusable code.

Prot ir: The process of developing an early model that represents
the actual product.

Relative Error: The comparison of estimated effort or schedule
duration to the actual effort or schedule using the following measure:

relative error = (estimated effort - actual effort)/actual effort

Spiral Develogent: A software development paradigm characterized by
successively refined understandings of the problem and successively
refined prototypes of a software solution to the problem.

Structured Analysis: The activity of deriving a functional model of
the requirements for a system.

Waterfall Development: A software development paradigm characterized
by a progression through a series of steps (Requirements, Design,
Coding, Testing), each followed by scme form of verification (Software
Requirements Review, Critical Design Review, etc.).

i
i
i
I
i
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I 2.0 E fl OF THE NDCELS

2.1 ADA OVERVIEW

Models that are included in this study were selected based upon

their availability to either the AFCSI, USACEAC, or IITRI. Model
vendors were not solicited for their participation. In addition,

applicability of the models to the projects targeted in the test case
study was a further consideration. For exanple, Estimacs is a model

used for estimating the cost of business-type applications. Projects

targeted in this study are primarily ccmnad and control and

tools/envirorment applications. Although Estimacs was available to the

AFCSTC, it was not included in this study because of its applicability.

I Software cost estimation models were reviewed with regard to

potential cost drivers and issues that have a different impact on Ada

versus non-Ada projects. The review focused on two Ada-specific models
used to estimate development costs for projects in which Ada is the

primary software language, and four non-Ada-specific models appropriate

for application to Ada projects and other HOts:

Ada-Specific Models Non-Ada-Specific Models

1 1. Ada COCC (IOC) 1. PRICE S (188230)
2. SoftCost-Ada (1.3) 2. SYSTE4-3 (1.03)

3. SPQR/20 (1.2)
4. SASET (1.5)

The package version of each model reviewed is indicated in

parenthesis beside the model name. The a)MDL package, Version 5.0,

which implements the complete Initial Operational Capability (IOC)

version of the Ada C model, was used for the purposes of this
study. aMI!MDDL (5.0) implements the Ada COCOM model introduced by

Dr. Boehm at the 1987 C4) User's Group Conference. It does not

include the enhancents to the Ada model that Dr. Boehm introduced at

* 2-1
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the 1988 mcm Users' Group Confereice. (The 1988 enhancements ae I

discussed in Appex~ix F).

The purpose of the review was to produce a stmuary of the Ada

technology considerations for each model. The results of the review

are presented in the following sections. Section 2.1 will focus on

each model while section 2.2 focuses on each potential cost driver and

issue.

Model overviews presented in this section include the following I
information (when available):

Philosopy with regard to Ada

Recamded responses to certain model inputs for Ada I
Ada projects used to develop and validate the model

Clientele who use the model for Ada projects.

General information regarding hardware, availability, and scope of I
coverage is also provided for each model in the report appendices.

2.1.1 Ada COt4) I
The Ada CXOt9Z model is a tailored version of the standard 03(OM

model developed by Dr. Barry W. Boehm of TRW's Software Information

System Division and described in full detail in Boehm's book, Software

Encineerinci Econanic (B)ER8l].

Although the existing Cflam) model has done reasonably well in

supportin Ada cost estimates, experience to date at TW has idicated I
that a version of COCCMV specifically tailored to Ada would probably do

better. One of the reasons for developing a new model was to

incorporate the TU Ada Process Model which assumes a phased

incremental developmnent process instead of a waterfall development

2-2el =-- o 1 l U
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I paradigm. Phased incremental development can also be adapted to other

programning languages (BOEH87].

Barry Boehm and Walker Royce led development of the Ada version of

COCOM in a process that began in 1985-86 with an initial version of

the Ada Process Model and an initial set of hypotheses which dealt with

the effect of Ada on standard COCOWD cost drivers. In early 1987, a

two-phase Delphi process, involving 10 TRW personnel experienced in

Ada, software cost estimation, and large software projects, was

employed to refine the functional form of Initial Operations Capability

(IOC) Ada ()aM, and to determine an initial set of revised cost

driver multipliers and exponents [BOEH87].

In mid-1987, this initial model was calibrated, using two

ccmpleted TRW Ada projects which had been developed using full DoD

software acquisition standards. Subsequently, the model development

process and product were subjected to an independent TRW review,

resulting in some further refinements. The resulting IOC Ada COCOMO

Model was presented at the Third CXCCMO User's Group Meeting, at the
Software Engineering Institute, in November 1987 [BOEH87].

Differences between the standard COCl4 and Ada CCXMD reflect a

philosophy that Ada experiences are like that of any other new language

if the development process is implemented using the techniques and

milestones of most previous software development projects. Nominal

recalibration of required reliability, complexity, and language

experience is the impact of the Ada language. The more significant

impact is the development process - which is reoriented to capitalize

on Ada strengths and to reinforce more efficient software production

methods. These effects include modified exponential scaling equations

for estimating nominal development effort, schedule, and maintenance

effort. Phase distributions for effort and schedule are revised.

The overall functional form, most of the effort multipliers,

adaptation equations, activity distribution tables, and the use of
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Annual Change Traffic for maintenance estimation remain the same in I

both standard and Ada COCCM. The IOC Ada COCOW model includes same I
general improvements which also apply to standard C03MD [BOEH87]:

There is a wider range of ratings and effects due to 3
software tools (TOOL) and turnaround time (TURN).

Virtual machine volatility (VIRI') are split into host
machine (VMVH) and target machine (VMVT) effects.

The added cost due to schedule stretchout is eliminated.

Cost drivers are added to cover the effect of classified
projects (SEC) and development for software reusability
(RUSE).

A capability is added to estimate the costs and schedules
involved in using a phased incremental development
process.

l
Other changes relate to the effects that are specific to Ada and the

TRW Ada Process Model [ BOEH87]: 3
Cost and schedule effects specific to Ada comprise the
following changes to standard CCOMO: i
1. Multiplier penalties for higher levels of required

reliability (RELY) and complexity (CPLX) are
reduced.

2. There is a wider range of ratings and effects due
to programming language experience (=DCP).

3. There are new Ada-oriented instructions for
counting lines of code and reusing software in Ada. I

Effects of using the TRK Ada Process Model, which
reorients portions of the software development process, I
result in the following cost and schedule effects:

1. Eponential scaling equations for nominal
development effort, development schedule, and
nominal maintenance effort are revised.
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2. The range of effects of modern programning
practices (MODP), analyst capability (ACAP), and
p0ogaiMer capability (PCAP) have been extended.

3. Phase distributions of effort and schedule are
revised.

I The geneial improvements to COCOW and the language-specific

modifications apply to the standard waterfall model. They also apply

to 'a single inr=ement use of the Ada Process Model along with the

changes due to the Ada Process Model. For a phased incremental

developnt, changes due to the Ada Process Model apply [BOEH88].

Although Ada 33(XH) is not available in automated form directly
fran Boehm or TRW, there are several autnmated implementations

ccmuercially available frat other organizations. These include NASA

Johnson Space Center's aDITMDL; COSTAR developed by Softstar Systems;

GECOMO developed by GEC Software; and an IOC Ada COCOM version

3 implemented by the Ballistic Missile Office (BMO-ACS). Appendix A

lists specific points of contact for Ada C0COM implementations. When

3 inquiring about a package implementation of Ada CXUVOM, it is irportant

to note which version of the model the package implements, (i.e., 1987

IOC version, 1988, etc.) and whether the package implements the

incremental development model.

I A detailed description on how to generate an estimate with the Ada

(2JO model is provided in Appendix F. Note that current estimating

3 equaticns only apply to Intermediate COCxMD, enbedded-made software

projects (see pages 78 - 83, Software EngineerinM Economics [BOEH81)).

3 Equations have not been developed for organic or semi detached modes of

Intermediate CfCOM. Basic CCOMV effort and schedule equations are

also not included in the IOC version of Ada COCCMD.

Because Ada COCUM is an initial operating capability calibrated

to only two cumpleted Ada projects, use of the model is not widespread.

TRW uses the model in parallel with standard COCCMD and other Ada cost

* 2-5

I



models to increase perspective on Ada cost estimates. TRW will
continue Ada project data collection for further refinement and

calibration of Ada CDCHO [BOEH87].

2.1.2 SoftCost-Ada

SoftCost-Ada is a derivative of RCI's SoftCost-R model, which
generates schedule and cost estimates for systems implemented in

conventional programming languages. When SoftCost-R was initially run
on Ada project data, the results were inconsistent. Attempts were made
to modify the model for Ada projects, but the language marked such a

shift in the philosophy of programming languages that new equations

were developed specifically for it. Four cost drivers were identified

for costing an Ada project that were not addressed in SoftCost-R

[RCI88]:

Ada Usage factor: the percentage of code expected to
be written in Ada.

Degree of Real-Time: the relative complexity of the
tasking to be performed in the system.

Degree of Reuse: the percentage of new code expected
to be packaged for reuse, both internal and external
to the project.

Resource Availability: the availability of resources,
such as staff, tools, equipnent, etc., within the
developer's organization.

Cost drivers addressed in SoftCost-R which have a significant impact on 3
Ada developments include [RC188]:

Degree of Standardization U
Use of Modern Software Methods 3
Use of Software Tools/Environments

Software Tools/Environments Stability.
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I Data used to develop the SomtCost-Ada model consisted of

approximately 30 software projects developed by 12 different

organizations within five aerospace firms during the period spanning

1982 through 1987. Projects by application area included autcuation,

I caumand and control, cmmercial avionics, embedded, environment/tools,

telecamminications, and simulator software. Today, RCI's database

consists of more than 90 projects, which represent more than 25 million
lines of Ada source code [RCI88]. Clientele who use the model for Ada

projects include Rockwell, Shell Oil, Singer Link, Westinghouse, AAI,

Contel, Nippon Telegraph and Telepone (Japan), U.S. Air Force, ED
(Canada), Philips (Sweden), and Ferranti (England).

2.1.3 PRICE S

Note: The following description is condensed from "Ada Estimating-
- A PRICE S Profile" prepared by Dr. Robert E. Park, PRICE
Systems (Park89]

SPRICE S approaches estimating for Ada in the same way that it

approaches estimating for other development environments. Costs and

schedules are driven more strongly by product characteristics and

developer practices than by development languages. However, PRICE S

does recognize that different source languages have different support

environments and different productivity characteristics. Some
languages, like Ada, even imply different management methodologies.

When Ada is specified, PRICE S does three things:

l - It uses relationships appropriate to Ada to translate
the number of source lines of code into the model's
internal measure for product size.

- It uses an Ada-specific technology submodel to
estimate the trends in productivity improvement that

I occur as a function of time.

- It distributes the activities of designers,
prograiLers, systems engineers, and program managers
more toward the early phases than it does for other
development envirornments.
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I



I
I

Otherwise, all parameters in PRICE S are used and evaluated just

as in other software estimates. Estimators are not asked to change

tools or procedures in order to estimate Ada projects.

When configuring PRICE S for Ada estimating, users pay special

attention to parameters that take on values different from those used

to describe their reference baselines. For example, if the reference

projects contain no Ada software, then the difference expected with Ada

must be spelled out. PRICE S recmmends that the estimator examine how

the project being estimated may differ from the reference baseline with

regard to the following factors:

- Resource attributes:

" Productivity factors
" Schedule distribution
" Cost element distribution
" Labor rates (if different personnel are used

and monetary costs are desired)

- Personnel attributes:

" Team experience
" Team skill

- Product familiarity:

" Extent of experience with similar software
" Extent of experience with software of similar size

- Software tools

- New programming language 3
- New computer hardware

- Unusual levels of virtual machine experience I
- Unusual levels of virtual machine volatility

- Unusual requirements to produce reusable code (generics, for
example)

- Introduction of new practices for software design and I
programidng

2-8 I
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These are the most common ways in which Ada projects can differ from

their predecessors. PRICE S parameters permit the responses for each

assessment to be incorporated into an estimate.

IEstimating with PRICE S is easiest when completed Ada projects are

available for calibration. Here, organizational productivities,
scheduling practices, and cost distributions can be measured. These

measurements can be used to configure the model to fit demonstrated Ada

performance. Differences between new projects and ca] ibrated

references then become smaller and easier to judge than when

comparisons ust, be made against non-Ada baselines.

In all cases, PRICE S philosophy recognizes that software

developers differ and that development environments are dynamic. The
philosophy stresses that the most reliable basis for an estimate is
that of extrapolation from demonstrated performance. As tools and

management methods evolve to take advantage of Ada, users of PRICE S3will find some parameters taking on different values, but the

procedures for estimating will not need to change.

U2.1.4 SAS

IIn 1986 while under contract to the Naval Center for Cost

Analysis, Martin Marietta conducted a study of existing software

estimating and sizing models. In its findings, Martin Marietta
determined that there was a need for a forward-chaining, rule-based

expert system utilizing a hierarchically structured knowledge database

to provide functional software sizing values, optimal developTent

schedule, and associated manloading outputs. Martin Marietta developed

the computerized model Software Architecture Sizing, and Estimating
Tool (SASET) as a prototype in 1987 that would satisfy these

requirements [{EA89].

SAsET is a rule-based expert system that utilizes a "three-tiered"

approach for system identification. Tier 1 - System Environment-
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requests information regarding the class of software, progranmng

language, development schedule, development locations, and other

factors which describe the development environment. Output frum this
tier are factors used in subsequent processing to derive budget and

schedule estimates [MART8].

Tier 2 - Software Functionality - autacates the proess of sizing

by analogy. The user indicates, through a process of functional

decomposition, those software functions to be contained in the

developed software system. A ncminal SLOC estimate obtained from the

SASET database for each of the individual functions is adjusted based

upon the responses provided for each software element. The
information:

o Perceived complexity,

O Degree of new development, I
o Development language (HOL or Assembly), and

o Hosting CPU

is used to adjust the function's base sizing estimate and derive a

lines of code value. The tier 2 sizing estimate is in equivalent

FORTRAN lines of code excluding comments. The user may also enter

sizing informatin directly rather than identify specific software

functions [MAR88].

Tier 3 - System Ccmplexity - requires the user to rate 20 I
complexity issues on a scale of 1 (very complex) to 4 (simple). A

weighting factor is assigned to each response. The product of the
weighting factors represents the impact to the software development

budget and schedule [MART88].

A fourth tier is used to estimate manloading over the entire

maintenance life cycle. I
2-10 3
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N Martin Marietta software development data consisting of more than

300 completed projects and sane selected Navy data were used to develop

the SASEr model (HEA89]. SASET is meant to be used to estimate
development in Assembly, Ada, or any HOL. However, the model does not

differentiate between Ada and non-Ada development in its input

responses except in the following instances [MARI88]:I
o The tier 3 input for ccmplexity of the programming language

has a direct effect on the productivity of the scftware
programers. The selections that SASET provides penalize Ada
projects for their "complex rigidly structured constructs
(training usually required)."

o The tier 1 input for primary software language has an effect
on the software development effort-schedule due to the
ro stness of the software language and the type/capability
of the system being developed. The tier 1 model input
allocates software languages into the following four classes:

1. Ada
2. LISP, PRO)t.G, C, Assembly
3. Traditional HOis: FORTRAN, Pascal, JOVIAL
4. User languages, Simple Non-structured HOts and Test

Sequence languages.

SASET was initially developed as a manual model to MIL-STD-483,

490, 1679, and 1521A requirements. It has been recommended that the

computerized model be updated to also reflect a DoD-SID-2167A

development. In doing so, the following Ada items would be addressed

[CHEA89]:

o Modern Software Engineering Practices
Reusability

0 Ada Language Features
0 APSE Tools (Ada Programing Support Environment).

Clientele who use the SASET model for Ada projects are the Naval3 Center for Costs Analysis and the Air Force Cost Center.

I
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2.1.5 SP120

Software Productivity, Quality, & Reliability/20 (SPQR/20) is a I
cost and quality estimation model for planning software development and

maintenance activities. The model was developed by T. Capers Jones of 3
Software Productivity Research, Inc. (SPR) based on historical data

from more than 3,000 software projects and more than 200 organizations

[SPR88]. The database currently includes approximately 50 Ada projects.

SPQR/20 views Ada like other HOts. Inputs are dependent upon the U
particular application. SPQR/20 assigns a default value of 4.5 to Ada

for the numeric level of the language relative to assembler which the I
user is able to change.

SPQR/20 differentiates between several different development

paradigms including waterfall method, incremental build, and spiral

development. The significant paradigm employed by SPQR/20 is that of

pattern matching. The mathematical modeling Jones uses for the tool is

based on "circa" 3,500 projects including military real-time and

embedded systems, and MIS projects. The algorithms that drive the

estimates are derived from this database which is constantly being n

updated (SPRB8I.

2.1.6 SYSTM4-3

SYSIEm-3 is a cost estimation product developed in 1985 by

Ccmputer Econanics, Inc. (CEI). SYSTE-3 and its predecessors, JS-i

(1979) and JS-2 (1984), were developed by Dr. Randall W. Jensen, based

upon the research of cost estimation by Norden (1970), Putnam (1976), I
Doty (1977), Jensen (1979), and Boehm (1981) [IITR87]. SYSTE 4-3

reflects a philosophy that Ada experiences are like that of any other
new language. While the model takes into account language and tool 3
maturity, modern software engineering practices, the learning curve and

reusability impacts, these issues are not treated as unique phenomena n

to the Ada language [CE188].
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i The same inputs are required for Ada and non-Ada projects. There

are, h wever, recamied inputs for several parameters that describe
Ada development. The recommided mumn (MIN), nominal (NOM), and

maximum (MAX) values for Ada, shown in Table 2-1, define where the user

is with regard to Ada experience [GAL86].

TNE 2-1

i U4ECM SYSIT-3 flIPM FUR AIA IEEVEERPHE

Irp.± Parameter MIN4 NPK

1. Ada Language Ccmlexity 3 3 3

2. Ada Language Experience 3 3 4

3. Ada Virtual Machine 3 3 4
Experience

4. Ada Virtual Machine 1 1 2.5
Volatility

5. Ada Use of Modern 5.5 7.5 8
Development Practices

I 6. Ada Virtual Machine 2 2 2

complexity

7. Ada Autanated Tool Usage 5 6 7.5

8. Ada Turn Around Time * 0.5 0.5 0.3

* None of the recently carpleted Ada projects targeted in this study
(see section 3.2, Overview of Ada Projects), indicated response
times greater than six-minutes (rating was set to 0.1).I
Clientele who use the model for Ada projects include the USAF AFSC

Divisions (ASD, ESD, BD, AD, BMD), and Department of Transportation

(DOlT) Canada.
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2.2 ADA ISSUES

Commercial software cost models were reviewed in light of Ada- I
specific cost drivers and issues. A primary resource used to identify

these issues was a report prepared for the Electronic System Division

(ESD), Air Force System Comnd entitled A Plan for CollectinQ Ada

Software Development Cost, Schedule, and Environment Data (CR-0134/I),

dated 2 April 1987 [TEQO87]. This study identified several potential

cost drivers and issues that have different impact on Ada projects

versus non-Ada projects. They are:

1. Time spent in design

2. Allocation of costs to phases in the life-cycle

3. Modern software engineering practices

4. Learning curve for the Ada language and tools

5. Reusability requirements

6. Use of certain Ada language features 3
7. Ada Programing Support Environment (APSE)

productivity tools 3
8. Language and tool maturity

9. Influence of personnel assigned to Ada projects and
the fact that the projects are closely monitored
(Hawthorne Effect).

The Ada issues were identified from literature and a series of

interviews with software modelers, Ada software engineering experts,

and Ada project managers [TECO87]. For each model, Ada issues were

mapped to corresponding input parameters, if present, and categorized

as one of the following: I

I
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1. Recalibrated for development process: New cost driver(s) are
introduced, exponential scaling equations are revised, or
cost driver ratings are revised for a development process
which is reoriented for Ada.

* 2. Recalibrated for Ada: New cost driver(s) are introduced,
exponential scaling equations are revised, or cost driver
ratings are revised due to features of the Ada programnirq
language regardless of the development process.

3. Cost driver present but not Ada-unique: The issue is
reflected by the response of the user to the model's input
parameter(s). Cost driver ratings are not recalibrated for
Ada. The specified issue is not treated as Ada-unique

* phenomena.

4. Externally recalibrated by user: Cumpleted Ada projects by
the developing organization can be used to configure the
model to fit demonstrated Ada performance with regard to the
specified Ada issue.

5. No influence. The specified issue has no impact on software
development cost.

I Table 2-2 provides a summary of the language considerations of

each model applied in the test case study. Each Ada issue is further

described in the sections that follow.

2.2.1 Phase Distriution of Effort

Phase distribution of effort entails the allocation of time
throughout the requirements, design, implementation and testing phases

of the development cycle. Experts cited in the ESD report said that

the effort distribution of an Ada project may differ frao projects
using other languages because of the emipasis placed on the early

stages (requirements and design) of the life-cycle (TE87]. One

factor that will affect the effort distribution is the newness of the

language. Because Ada is a relatively new language and contains unique

features not found in other languages (generics, tasks, exception

handlers), the early phases will take more time in order to correctly

learn and use the language properly. Also effecting the phase
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i distribuition is the newness and ccmplexity of the development process

most commonly used on Ada projects, object oriented design. Tnis type

of methodology is known to force interdependencies between modules in

the requirements and design phases of the development cycle [TECO87].

Ada provides package specifications to set these interdependencies

which beccme the bottom layers of the software. A project can incur a

serious penalty if these specifications are changed in later phases due

to the effects a change will have on other modules which interact with

the changed specification.

Examining the models in light of this issue shows two different

views of the effect of Ada on the phase distribution. One view is that

the effort distribution should not change because of the Ada language,

but should change to fit the observed performance of the developers.

This view is found primarily in the non-Ada specific models, namely

SASET, SPQR,/20, and SYSTEM-3, and PRICE S. These models do not provide

an internal effort equation specific to Ada, but they do supply a
nominal effort equation that can be recalibrated externally by the

user. The other view is that the phase distribution of effort is

different for Ada and is reflected in the model's underlying equations.

This view is present in the remaining two cost models, Ada Cl(XM and

SoftCost-Ada.I
Ada (XXIOD. The TRW Ada Process Model reorients portions of the

software development process to capitalize on Ada strengths and

reinforce more efficient software production methods [BOEH88]. The

Process model, which can be adapted to non-Ada projects, is inherent to

the Ada version of a30t4. If the Ada Process model is being

implemented, phase distribution of effort will shift from integration

and test to design phases. Table 2-3 shows the schedule and effort

distribution by phase if there is compliance with the Ada Process

Model. A similar breakout of effort for standard CIYCMV is shown for

comparison. Partial compliance with the Ada Process Model will exhibit

a phase distribution in between that shown for standard C(XtV and Ada
CCOMD.
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TABLE 2-3

(CMPARISON OF ADA CO(XCM AND STANDARD GDV SCM{EI.
AND EFFORT DISTRIBJUTION BY PHASE.

Standard (CXMO: [Large Embedded]

Phase Distribution SSR-PDR PER-CER CM1-T=R TRR-FQR

Effort 18 25 26 31

Schedule 36 ( 36 ) 28

IOC Ada C D: [Large Embedded]

Phase Distribution SSR-PER PER-CER CER-TRR TRR-FQR

Effort 23 29 22 26

Schedule 39 25 15 21

SoftOt-Ada. SoftCost-Ada's allocation of costs to phases of the

life-cycle differs from the traditional allocation of time and effort

to life-cycle phases [RC188]. Table 2-4 provides a comparison of

SoftCost-R versus SoftCost-Ada phase distribution.

The effort and schedule distribution for SoftCost-Ada are adjusted

toward the 40:20:40 allocation if the Ada development process follows a

more traditional approach used for other HOts.
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I TABLE 2-4

SoftCost-R VS. SoftCost-ADA PHASE DISTITI0ON

SoftCost-R

Phase Distribution SDR-CCR CER-TRR TR-FQR

Effort 40 20 40
Schedule 45 25 30

U SoftCost-Ada

Phase Distribution SDR-CUR CEI-TRR TRR-FQR

Effort 50 15 35
Schedule 50 15 35

I
2.2.2 Modern Software Development PracticesI

The software development process encompasses both the wide variety

I of development paradigms: waterfall development, incremental

i development, spiral development, pilot development; and the development

practices: object oriented design, structured analysis, incremental

3 development, prototypixg, program libraries. A combination of

structured analysis and object oriented design (OOD) used within a

I waterfall development paradigm are development processes most

frequently associated with Ada in recent efforts. In 1985-1986, TRW

developed an initial version of the Ada Process Model that reorients

portions of the software development process to capitalize on Ada

strengths and to reinforce more efficient software production methods.

i The Ada Process Model focusses on utilizing the programiM-in-the-
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large features of Ada (primarily, compilable package specifications) to

enhance design thoroughness and eliminate major risk ites. The Ada

Process Model was designed to eliminate inefficiencies of most previous

projects "brought on when large numbers of project personnel are

working in parallel on tasks which are closely intertwined,

ncompletely defined, continually changing, and not well prepared for U
dowrstream integration [BOEH87]". The primary features of the Ada

Process Model include the use of:

Small up front design teams H
Planned incremental development

Cmpilable package specifications by POR

Continuous integration via package specifications I
Technical walkthroughs proceeding SSR and PDR.

The Ada Process Model, differs substantially from traditional

development practices where main points of interest are the Preliminary I
Design Review (PER) and the Critical Design Review (CER). Interviewees

cited in the ESD Report believed that as time progresses, these

conventional milestones may no longer be appropriate for Ada software

development [TFI087]. Instead they believe that criteria for meeting

milestones might coincide with the following points of interest: I
Noting the point in software where all packages and 3
procedures are named.

Noting when the type statements are identified

Determining how many objects are identified at all of
those times.
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of the cost models reviewed in this study, only SASET and SPQR/20

did not take this issue into account. SYSra=-3, PRICE S, Ada CXYXMV

and SoftCost-Ada adjust for the influence of modern software

engineering practices to varying degrees, primarily through model input

3 parameters.

U SYSIM-3. SYSrEK-3 views the use of modern development practices

as an influence to software cost. These influences, however are not

considered unique to Ada. The SYSM-3 input parameter, Modern

Developmnent Practices (MODP), rates the developer's use of modern

development practices throughout the project. Factored into the rating

for MJDP are the development team's previous experience with practices

and whether the practices have been used successfully on prior

contracts.I
PRICE S. This issue is accounted for in the productivity factors

and schedule multipliers which are calibrated to include the effects of

current software engineering practices measured from cospleted

programs. Subsequent application of these factors assumes that

conditions present in the calibrated projects continue to hold, thus

incorporating the effects of the developers experience with Modern

Software Engineering Practices [PARK89].

I Ada C(). Several input parameters are used to describe the

software development process:
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Use of modern programing practices

Experience with the Ada Process Model

Design thoroughness at PER, unit package specs capiled,
body outlined

Risks eliminated at PER

l Requirements volatility during development.

Most of the factors rate the extent of compliance with the Ada Process i

Model discussed previously. Use of modern software practices and

ccmpliance with the Ada Process Model leads to an overall reduction in i

project effort.

Softaost-Ada. SoftCost-Ada reflects the modern software

engineering practices issue in three of its input parameters and its

calibration coefficients:

Use of Modern Software Methods

* Ada Methodology Experience

Team Capability.

The Use of Modern Software Methods parameter asks the user to enter the

type of software method being used: structured programng, OOD, Ada

packaging methods, etc. The second parameter, Ada Methodology m

Experience, rates the developer's experience with the chosen i

develcpment methodology. If experience with this methodology is high,

then the project will benefit. The last parameter, Team Capability, 3
addresses the issue of the type of teams used in the development.

Participatory and interdisciplinary teams are a significant factor in
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i the software being developed by consensus rather than by decree

[RC188].

2.2.3 tearninM Curve

i The learning curve is driven by two issues: the difficulty of

learning the language and the amount of time to becoe proficient in

it. Experts cited in the ESD report felt that the learning curve in

Ada projects may have more cost impact because of Ada's novelty and

complexity [TEC087]. Because Ada is a relatively new language and Ada

i Programing Support Envirorments (APSEs) are still evolving, a body of

trained personnel are not available to develop new Ada systems. Ada

projects will not be able to benefit from lessons learned in previous

projects which in turn will lengthen the development schedule. In

addition, most respondents felt that Ada requires more experience than

i other languages before personnel can become proficient. This is

because of the unique features of the language (generics, tasks,

overload operators, exception handlers) that are not present in other

languages. It was generally agreed that it will take longer to

appreciate the tradeoffs in determining which feature of the language

i is best to implement a particular algorithm. Although the time to

becmv proficient in the Ada language seemed longer than other

languages, the experts also believed that there would be a "fusion"

point where proficiency in the language would become evident and the

benefits of the language would be seen in better design, code, and more

I reusability (TEQ87].
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All of the ost models studied acciounted for the difficulty of

learning a language, but the Ada-specific models were the only models

that treated the Ada learning curve differently from other languages.

For each model, the factor for learning the laruage was detenined by

inputs for the experience of the project personnel. With regards to

the second issue, the amount of time to become proficient in the Ada

language, only Ada-specific models accounted for this issue. Their

philosophies are discussed below.

Ada COXOI. Proficiency in Ada versus proficiency in other HOts i
can be assessed by comparing the factors associated with the Language

Experiexn (LEXP) input parameter in Table 2-5. U
TABLE 2-5

(OMPARISON OF STANDARD CCU4OM) AND ADA COatV LANGUAGE EXPERIENCE FACIORS i

Rating Level Rating Scale Standard Ada i
VL <= 1 month 1.14 1.26

L 4 months 1.07 1.14

NOM 1 year 1.00 1.04

H 3 years 0.95 0.95

VH >= 6 years 0.95 0.86

i
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I
As the chart indicates, larger penalties occur because of Ada ignorance

I while larger benefits occur because of acquired Ada expertise [Tw88].

Soft tt-Ada. A significant firding of RCI researchers was that

the exponents used in SoftCost-Ada effort equations did not stabilize

until the team assigned to the project had at least 3-5 Ada projects

Iworth of Ada experience. In addition, experience was also influenced

by the following factors: analyst capability, applications experience,

environment experience, and language and methodology experience. Table

2-6 depicts how the power law changes as a function of the number of

Ada projects completed and the other contributiM factors [RC188].i
TABLE 2-6

IPOWER LAW AS A FUNCTION OF THE NUMBER OF ADA PR3JECIS COMPIETEDI
Number of Completed Ada Projects Pl P2

0 1.20 0.40i 112 0.39
2i. 08 0. 38

3 1.00 0.37
4 0.95 0.36
5 0.95 0.35
6 0.95 0.35

P1 = Effort Exponent
P2 = Schedule Exponent

I
i
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2.2.4 Reusability Impact lI
Reusability includes not only developing reusable software but

also accounting for components that are reused from other software. It l

is considered to be a potential cost driver for two separate reasons.

First, if software is to be developed for reuse, additional cost

impacts will be associated with packaging, increased documentation and

stricter reliability requirements. Second, if software fran another

project is to be reused in a new project, then the development cost

should decrease because less software has to be written. However, the

costs associated with managing reusable caponents need to be accounted l

for because reuse cannot be acccmodated without use of such an

infrastructure. I
Of the cost models examined, all of them account for the second

reusability issue, the usage of reusable software. In every model, I
size and language used for the reusable carponents were ascertained.

Only three models (PRICE S, Ada COCCQ, and SoftCost-Ada) however, took

into account the first issue, developing reusable software.

PRICE S. PRICE S offers two methods for estinating development of l

reusable code. First, estimators can describe the increase in

requirements to produce reusable code by adjusting the development

complexity by +.1 to +.2. This view is mainly used when developers

intend to use time, rather than adding people, to meet reusability

requirements. Second, estimators can describe reusability as an I
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I increase in the application difficulty. Reusable couponents can be

grOuped separately, with each group assigned its own application value.

This view is appropriate when both resources and time will be used to

achieve reusability [PARK9].

TABLE 2-7

ADA DEGREE OF REUSE PARAMETERI
Rating Rating Scale Ada

NaK Not for Reuse Elsewhere 1.0

H Reuse Within Single Mission 1.10

I VH Reuse Across Single Product 1.30

EH Reuse in Any Application 1.50

Ada aOaCID. Development of reusable code is accounted for in the
Degree of Reuse (RUSE) parameter. With this input, the estimator

enters the degree of reusability for which the software is being built.

The RUSE parameter was incorporated as an improvement to standardIIi OM as well as a feature of Ada COCCMD. Table 2-7 provides the RUSE

cost driver ratings and associated effort multipliers.

SoftCost-Ada. SoftCost-Ada views development of reusable

ccuonents in Ada differently than development of reusable comonents

in other languages. Its input parameter, MSE, is one of the four new

and unique cost drivers added to SoftCost-Ada that originally was not

found in SoftCost-R [RC188]. The main philosophy behind this parameter

is that Ada has specific features, generics, which have been included

in the language to make developing reusable components easier. Further,

as explained in section 2.2.3, once the developer beccmes more
proficient in the language, reusable software will be even easier to

develop. The actual determination behind SoftCost-Ada's reuse factor is
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considered proprietary; therefore, the parameter values cannot be

I

2.2.5 Influence of the Ada touge Features

Ada has several different features that could potentially impact
productivity: packages (collections of related programs and data),
overload operators (the feature of giving a new meaning to an operator,
useful for defining arithmetic operations for types that are not built

into Ada), strong typing (the restriction against mixing data types
across assigrmwnts in expressions), generics (a method of overcoming
Ada's sometimes overly strong typing), tasks (a method to allow

concurrent processing), and exception handlers (a method to capture

program errors and continue processing). The ccmlexity of the I
features to be used on a given system depends strongly on the
application type of that system (avionics, business, cnmmand and
control) [TEOD87]. For example, a business system and a comard and
ccntrol system would both contain exception handlers but the difference

would occur in the complexity of the exception handler. In a business
system, the exception handlers may be less complex because a critical

error would cause only loss of data. In a command and control system,
the handlers would be more complex because a critical error could cause

loss of life.

Non-Ada-specific models do not differentiate between specific Ada

language features that are utilized within a program. The complexity

of the application is taken into account, but there are no benefits
when using Ada language features extensively. For exarple, packaging

technology may be utilized to varying degrees on different projects.

Non-Ada-specific models do not provide a direct means to evaluate the

Ada packaging technology aspect. With eards, to the Ada-specific

models, Ada features such as packaging were accounted for in the I
factors that reflect the extent of compliance with the Ada Process

Model and in the complexity parameters. A comparison of the Software 3
Product Complexity factor in Standard COCHO versus Ada cnatv in
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i Table 2-8 illustrates that Ada features make many complex constructs

more straightforward [BOEH86].

TABLE 2-8

I COMPARISON OF SOFIMM PROCUC ( MPtEXITY IN STANDARD COCCMO
VERSUS ADA COOED

Rating Standard Ada

VL 0.70 0.73

L 0.85 0.85

NWt 1.00 0.97

H 1.15 1.08

VH 1.30 1.22

EH 1.65 1.43

i
2.2.6 Influence of the Ada Proaranmina Support Envirornment

The Ada Programng Support Envirorment is a set of coordinated

tools for the Ada language. It contains such software tools as

i [BooC87]:

i • Text editor
* Pretty printer
i• CompilerI Linker
* Set-use static analyzer
i• Control-flow static analyzer
* Dynamic analysis tools
* Terminal interface routines

File administrator
Command interpreter

* Configuration manager
* APSE interface to underlying machine.
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Although the APSE has not matured to its fullest potential, experts

cited in the ESD Report said that once it does, the cost of software

development will decrease [TEX87]. These tools will enable the

developer to effectively and efficiently use the Ada language resulting

in increased software productivity.

. Every model in the test-case study accounted for the APSE as a

cost driver and instructions are provided in each model to help

determine the rexm ICMned input for the tools environment. Each model

rewards the developer for upgrades in the tool support. The SoftCost-

Ada model was recalibrated to reflect the impact of a workstation/APSE

strategy. In a study conducted aver three years, RCI developed new

calibrations to show the effects of APSE factors on productivity and

cost (RC189].

2.2.7 Language and Tool Maturity

Some of the language and tool maturity issues have been discussed U
in previous sections (2.2.3 and 2.2.6), but one topic still exists,

optimization. The optimization problem can be illustrated in examining

Ada tasking. Tasks are used as a mechanism for development of i
concurrent software. Recently, this feature has come under a lot of

fire at Ada Jovial User Group (AdaJUG) meetings because Ada lacks a

suitable method of providing regularly scheduled tasks within maximum

time constraints [TECO87]. Currently, tasks do not meet embedded

(airborne) system nees. This is because of large object code sizes,
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Sslow run times, and processors with limited memory and severe time

constraints (TEC87]. All of these factors are part of the

optimization prcblem. Eventually, compiler writers should solve the

optimization problem, but currently optimization issues have an hnpactt

on the software development.

Although the optimization issue is prominent in today's software,

only SoftCost-Ada handles this issue through its degree of real-time

I parameter. This questions essentially asks "How much Ada tasking is

involved?" Other cost models exclude the issue of tasking from their

I equations with the assumption that as technology improves,

3 optimization, in terms of tasking, will no long be an issue.

2.2.8 Hawthorne Effect

I The Hawthorne Effect encompasses the philosophy that experimental

I Ada projects may be unduly influenced by the "better" personnel who are

allocated to the project and the fact that the project is being closely

3 monitored [TECD87]. Respondents from the ESD report thought that this

issue could be a potential cost driver.I
I A recent article [OFME86] describes an investigation in which

12 sites were asked how personnel were selected for Ada projects. More

3 than 300 staff were allocated in a ratio of about 60:40,

conscript:voluntary. There was no evidence that Ada projects were

I given an undue priority for resources. Project managers always fought
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for the best staff available. In conclusion, there was no evidence

that either supported or disproved the idea of the Hawthorne effect.

None of the models reviewed consider the Hawthorne effect.
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I 3.0 API 1 ICATI(ON OF SEIB= COST MDEIS MD ADA PF41T

U 3.1 BACKGROU;ND

This section provides an overview of the Ada projects targeted in

the model applications. The methodology used to collect, validate and

normalize project data, derive model inputs, and, subsequently,

interpret the results is presented.

I 3.2 OVERVIEW OF ADA PQTECIS TARGEED IN THE TEST CASE SIUDY

I Data was aquired for 10 Ada projects; however, only eight were

targeted in the test case study. Table 3-1 provides a sumry of the3 application and functionality of projects. In addition, Appendix H

presents an overview of each project with regard to the following

* areas:

I Product Description

Software Size

i Development Process

Computer System.

These areas map to model input categorizations contained in Appendix B.

I 3.3 METHODOLOGY

3 Project data needed to be validated and normalized before it could
be used for input to the models. The following subsections correspond

to activities that supported the model applications:

I Data Collection

Data Validation

3 3-1
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TABLE 3-1 1
PROEC FUNCTIONAL DESCRIPTIONS

PRO=SC NUMSME DEI Pt IC i~L

1 Comexcial real-time control center traffic
planning and monitoring system that provides
traffic planning, controller interfaces, and
traffic supervision.

,2 Tactical command and control system that
supports planning, directing and executing of
orders issued by the commander.

3 APSE interface tool that provides multiple
screen images and runs a host operation i
system command interpreter in each window.

4 Ada interactive environment that improves i
productivity for the development of large Ada
software systems. Provides interactive Ada
compilation and cross compiler, debugging I
tools, and software management.

5 Development tool that integrates design or
development of hardware and software for
embedded systems before prototyping.

6 Avionics guidance and control system with I
software for pre-programned flight paths and
full up, guided flight.

7 Command and control system that is designed
to support testing and evaluation of tactical
doctrine.

8 Command and control system that performs
target detection, target recognition and
identification, and laser target designation
for a mission payload subsystem.

9 cmponent within an avionics system that
controls stabilizer position, aileron
lockout, and ratio of rudder movement. All
firmware.

10 Command and Lontrol system that will serve as
both a fire support control and coordination
system and a field artillery system. U
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3 1 Normalization
i Parameter Ratings Selection.

i 3.3.1 Data Collection

Projects targeted in this test case study were obtained from two

primzary sources.

1 1. Air Force Electronic Systems Division (ESD) at Hansoom AFB.

2. Direct inquiry of organizations identified in the ATPO Ada
Usage Database.

Four projects (identified as Projects 2, 3, 4, and 10 in Table 3-1)

were obtained from ESD. One of these projects (Project 10) was

discarded because effort expenditure data was omitted from the data

collection form.

Inquiries into the projects listed in the AJPO Ada Usage Database
resulted in 19 respondents who agreed to provide data for this study.

Of these newly identified projects, four were eventually able to

provide requested data in a timely manner. These were Projects 5, 6,

7, and 8 in Table 3-1.

The two remaining projects targeted in the study, Projects 1 and

9, were obtained through random inquiries. One of these projects

(Project 9) was discarded because of its size (< 5000 SIOC).

i Table 3-2 provides an overview of projects that were targeted in

the test case study.

I
* 3-3

I



TABLE 3-2 1
PR3= SUMWY INFORMATION*

PROECT ACIUAL TYPE OF TYPE OF PFRQECT Ada DEVELOPMENrT
NUMBER EFFORT PROJECTr CONTRACT SIZE** K APPROACH

(PM) ______(SWOC) (YEARS) ______

1 302 Caimind & Caiuercial 50,000 1 Object
Control Oriented

Design

2 684 Cammd & Govenment 115,000 1 Object
Control Oriented

Design

3 134 Tool/ Conmexcial 18,640 1 Object I
Environment Oriented

Design

4 692 Tool/ Commercial 480,000 5 Object
Environment Oriented

Design

5 144 Tool/ Ccamercial 136,000 3 object
Environment Oriented

Design

6 190 Avionics Government 31,800 0 Structured
Design

7 696 Caind & Government 69,160 0 Structured
Control Design

8 322 Camnard & Governient 18,300 0 object
Control Oriented

____________________ __________ Design

* Projects 9 and 10 were discarded
** Size includes reused and non-Ada code. See Appendix H for a software size I

description of each project.

II
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1 3.3.2 Data Validation

I Data was provided for each Ada project in the form of ccumpleted

project questionnaires. The first set of questionnaires contained data

collected by Tecolote Research on four projects using data collection

forms prepared for USAF/ESD. The second set of questionnaires

contained data collected by IIT Research Institute (IITRI) using forms
IITRI devised from an examination of model input parameters. IITRI' s

forms are an extension of RCI 's Data Collection Form

(RCI-TP-0197-FINT).

The new forms were developed in view of feedback fran software

developers providing the project information who pointed out the ESD

forms were intimidating. Validating the data contained within the

forms was difficult because of the sheer volume of information
contained within them. Further, much of the detailed information

requested on the forms was not needed to run the models. Hence,

significant factors that impact a project's schedule were not readily

apparent.

Inconsistencies or discrepancies with regard to the contents of

the project questionnaire were noted and later resolved through

subsequent conversations with the software developer providing project

data. Separate validation was also conducted for the sensitivity

analysis portion of this study [REIF89]. In several instances some

changes to the ESD data were recomended regarding quality of staffing,

tools, type of teams used, and average person-months based on an

examination of other sources. Personnel who completed the forms were
contacted to verify responses on the project questionnaires. Changes
to the project data which were rxomiled by personnel who validated

the data were implemented only if those who collected the data agreed

with the r vxm:idtions.
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3.3.3 Normalization

In order to use the data for subsequent analysis, project data

needed to be in a cmiarable format. Each software developing

organization that submitted project data defined key productivity

parameters differently. The follcing definitions were employed to

normalize SIOC, person months, and scope of effort across projects:

An Ada source line of code was defined using terminal
semicolons.

A person month was defined to be 160 hours of direct
chargeable labor.

Given the typical development cycle during full-scale
development shown in Figure 3-1, the scope of the effort
provided by the developers extended frum the System Design
Review (SER) to final software acceptance. System
r r ts analysis and system integration and testing were
not included in the base effort.

Software activities included in the effort provided by each
developer did not include Quality Assurance (QA),
Configuration Management (CM), and project level management
functions for all projects targeted in the study. Table 3-3
shows the software cost elements that are assumed to be
covered by actual effort provided by each software developer
providing project data, in the terminology of each model.

Ada Source Lines of Code (ASLOC)

Five definitions are currently being advanced for an ASIOC

[RC188):

1. Physical Lines - any carriage return or line feed includingcmwents and blank lines. Reusable code is counted the first
time it is instantiated.

2. Non-Comment, Non-Blank Lines - physical lines excluding

coments and blank lines.

I
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TABLE 3-3 I

SOFIWAR ACrIVITIES INCLUDED IN THE ACIUAL EFFORT PROVIDED BY
EACH SOFIMRE DEVELOPER PROVIDING PRXECT DATA IN THE

TE14INOLOGY OF EACH MODEL

I
CO]H2DUL PRICE S

100% Requirements Analysis 100% Software Design
100% Product Design 100% Programing
100% Programing 100% Documentation
100% Test Planning * System gineering
100% Verification and and Program Management

Validation 0 QA
0% Project Office 0 CM

100% Manuals

SASET Soft ost-Ada

100% Software Engineering 100% Software Development
100% Systems Engineering 0 Software Management

0 QA 0 Software CM
100% Test Engineering 0 Software Quality

Evaluation I

SPQW/20 SYSTEM-3

0 Planning 100% Systems Engineering
100% Requirements 0 Project Management
100% Design 100% Design
100% Coding 100% Programmers
100% IntegratiorVTest 0 QA
100% Documentation 0 CM
0 Management 100% Test

100% Data Manipulation

• Note: The following conversion was performed to discount Project
Management from the total estimate [PARK89A]:

Syste Engineering (M) = I

((Design Cost / .69) * 31%) + ((Coding Cost / .75) * 25%)

I
I
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3. Terminal Semicolons - a statement terminated by a semicolon,
including data declarations, code used to instantiate a
reusable component and the reusable component itself the
first time it was instantiated. When multiple semicolons are
used within a declaration statement, the terminating
semicolon is used to define the termination of the source
line of code. For example, a package specification which
included a statement that spans ten lines and is terminated
by a single semicolon would count as one ASWOC. caments,
blank lines and non-deliverable code are not included in the
line count.

I 4. Essential or Limited Terminal Semicolons - terminal
semicolons excluding those used in data declarations or
formal parameter lists.

5. Body Semicolons - a statement terminated by a carriage return
in the specification and a terminal semicolon in the body of
an Ada program, including data declarations and code used to
instantiate a reusable component itself the first time it was
instantiated. Comments, blank lines and non-deliverable codeare not included in the line count.

An ASLOC was defined using terminal semicolons. Counts provided by

project developers using other definitions were converted using the
following conversion factors [RCI88]:

Definition Conversion Factor

. Non-mnt, Non-Blank Lines Reduce count by 20%
I Terminal Semicolons 1 to 1

. Essential Semicolons Increase count by 30%
i Body Semicolons Reduce count by 5%

One of the projects (Project 5) provided a size estimate in
physical lines. After a discussion with the developer of Project 5, it
was decided to run two estimates: one assuming that 1 of every 5 lines
was commented and the second reflecting that 1 in 10 lines was
commented. Line counts were adjusted to account for cmmented lines.

The adjusted line count was reduced by 20% to normalize for carriage

returns.
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3.3.4 Criteria For Ratinas Selection U

For all projects, model inputs were set at an average rating if i
there was no data to support deviating from the nominal value. There

were instances, however, when a model input parameter had no associated

nominal rating or information provided on the forms was disregarded.

One instance was with regard to the project's required development

schedule. For consistency, this factor was assumed to be nminal

regardless of the developer's assessment. Other criteria pertain to

specific models.

PRICE S I
Schedule. The schedule input for PRICE S requires that the System
Design Review (SMp) or Software Requirements Review (SRR) be specified.
These review dates were not provided for any of the projects targeted
in the study. Therefore, it was assumed that the date of SRR would
fall on the date which corresponded to one fourth of the entire
development schedule.

Productivity Factor. The productivity factor is an empirically derivedvalue that describes the demonstrated performance of each developing
organization. This value was assumed to be nominal.

CQmplexity. The ccplexity adjustment for a new language was assumed i
+.1 since the this factor could range from 0.0 to 0.2.

Source Code Mix. Non-ESD project data did not contain a breakdown of I
the software profile. The mix element application value for these
projects was assumed to be the value associated with the application
type of the software.

SoftCost-Ada

Ada Projects Qumpleted. The response to the number of Ada projects
completed by the development team was incremented by one if an Ada PDL
was used during the development.

Software Orgnizaticns Involved. Projects 2, 3, and 4 did not supply
the number of organizations providing level of effort support (i.e. CM
and QA). Development contractors were assumed to have three software I
organizations.
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i 3.4 RESULTS

Section 3.4.1 presents the results of the model applications that

required sane normalization. Tables are provided to illustrate the

relative difference between estimated and actual effort for each

project. Sections 3.4.2 and 3.4.3 cnpare the performances of models

in the areas of accuracy, consistency, contract type, application type,

and Ada issues.

1 3.4.1 Normalization

Model outputs were subjected to a normalization process so that

results would reflect the same scope of coverage. This process

consisted of subtracting model efforts that were associated with phases

not included in the actual effort (effort that was prior to SER and
subsequent to the software acceptance review). In addition, Quality

Assurance, Configuration Management, and Program Management efforts

were also subtracted because these organizations were not part of the

effort provided (Refer to Section 3.3.3, Normalization). Table 3-4 is

provided to illustrate the normalization process that was applied to

each model.

TABLE 3-4

NORMIALZATION OF PRE' 1 EFFORT

U MODEL: COSTMODL

iM Normalization Normalized M
Requirements Analysis 17.8 100% 17.8
Product Design 33.1 100% 33.1
Programing 93.4 100% 93.4
Test Planning 13.2 100% 13.2
Verification & Valid 31.6 100% 31.6
Project Office 19.7 0% 0
CK/QA 15.3 0% 0
Manuals 16.1 100% 16.1

i TOTAL EFFORT: 240.2 NOIrmALIZED EFFORT: 205.2

3-11

i



TABLE 3-4 (Continued)

M1DM: So-tcost-Ada

NM Normalization Normalized MM
SW Development 319 100% 319
SW Management 34.6 0% 0
SW Configuration Mgt 17.3 0% 0
SW Quality Evaluation 20.8 0% 0

,TOTAL EFFORT: 391.7 NORMALIZED EFFORT: 319

MODEL: PRICE S

NM Normalization Normalized M
SW Design 410 100% 410
Programmin 245 100% 245
Documentation 86 100% 86
Sys Eng./Program Mgt 221 * 47.29
Quality Assurance 92 0% 0
Configuration Mgt 98 0% 0

TOTAL EFFORT: 1152 NORMALIZED EFFORT: 788.29

• NOTE: Normalization is performed by the following
conversion:

(design cost/0.69 * 31%) + (coding cost/.75 * 25%)

I
MODEL: SP0R/20

NM Normalization Normalized NM
Planning 2.68 0% 0
Requirements 14.92 100% 14.92
Design 73.25 100% 73.25
Coding 43.50 100% 43.50
Integration/Test 42.31 100% 42.31
Documentation 62.88 100% 62.80
Management 32.38 0% 0

TOTAL EFFORT: 271.91 NORMALIZED EFFORT: 236.78
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I TABLE 3-4 (Continued)

I MODEL: SYSrEM-3

M Normalization Normalized MM
System Engineering 48 100% 48
Project Management 35.7 0% 0
Design 141.8 100% 141.8
Programmers 148.8 100% 148.8
Quality Assurance 25.1 0% 0
Configuration Mgt 23.3 0% 0
Test 110.3 100% 110.3
Data Manipulation 11.5 100% 11.5

TOTAL EFFORT: 544.5 NOIR4AUZED EFFORT: 460.4

I
n

MODEL: SASET

MM Normalization Normalized MM
Software Engineering 307.59 100% 307.59
Systems Engineering 53.76 100% 53.76
Q.A. 23.31 0% 0.00
Test Engineering 62.18 100% 62.18

TOTAL EFFORT: 446.84 NORM0ALIZED EFFORT: 423.53II
After normalization, model estimates were compared to actual

effort data to determine the relative error.

In three instances, models were not used to derive project

estimates. The COSTMODL implementation of IOC Ada CtXXI4 provides

equations that apply to the COCXK) embedded mode of software

development. The model xoo-developer, Dr. Barry Boehm, confirmed that

equations curzrently do not exist for the organic arnd semidetached

modes. Two of the projects targeted in the test case study, Projects 3
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and 4, fall into the semidetached category of software development.

Thus, COSTMODL was not applied to these projects.

Project 4 was used by RCI for the development of the SoftCost-Ada

model. Therefore, so as not to ccaprmise credibility of the test case i
study results, Project 4 was not targeted for application to SoftCost-

Ada.

3.4.2 Conmarison of Model Results 3
As stated in the objective, model performances were analyzed with

regard to five areas: overall accuracy, overall consistency, contract

type, application type, and Ada issues. Model performances varied with

regard to each assessment criteria. The following paragraphs specify

the findings for each of these areas.

3.4.2.1 Overall Accuracy i

Model eifort and schedule projections were compared to actual i
effort and schedule expended by the project developer to ascertain

which models provided the most accurate results. Results in view of

projected effort versus actual effort are provided in Tables 3-5 and

3-6. A comparison of projected schedules versus actual schedules are

illustrated in Tables 3-7 and 3-8. The number of effort estimates that

were accurate within +30% were as follows:

MODEL PRFORNCE RANGE

1. SoftCost-Ada 4 out of 7 0% to 13%
2. SASET 4 out of 8 -29% to 29%
3. SPQR/20 3 out of 8 -22% to 19%
4. COSMDL 2 out of 6 -25% to -1%
5. PRICE S 0 out of 8 Not Applicable
6. SYSTEK-3 0 out of 8 Not Applicable I

I
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i TABLE 3-5

3 MODEL EFFOR PRCJECTIONS

3 Actual SoftCost- COSIMDL PRICE S SASET SYSTE-3 SI/20
Number Effort Ada

1 302 319 205 788 424 460 237

2 684 1446 516 1487 635 2258 811

3 134 137 Not Run 42 95 90 296

4 692 Not Run Not Run 2223 1931 2323 2876

i 5 144 144 356 985 725 1366 260

6 190 360 93 879 335 641 109

696 1621 692 1827 822 2303 560

8 322 364 108 623 416 728 86

i RTABLE 3-6

RELATE ERRORS FOR MODEL EFFORTS WHEN OPARED TO ACITUAL EFFORTS

Actual SoftCost- COSIMDL PRICE S SASET SYSTEM-3 SPQR/20

Number Effort Ada _

I 1 302 6% -32% 161% 40% 52% -22%

2 684 111% -25% 117% - 7% 230% 19%

3 134 2% Not Run -69% -29% -33% 121%

4 692 Not Run Not Run 221% 179% 236% 316%

5 144 0% 147% 584% 403% 849% 81%

I 6 190 89% -51% 363% 76% 237% -43%

7 696 133% - 1% 163% 18% 231% -20%

8 322 13% -66% 93% 29% 126% -73%
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TABLE 3-7

MODEL S(HEDULE PRf)ECTIONS

Actual SoftCost- CflVDL PRICE S SASET SYSrEM-3 SPQR/20
Number Schedule Ada

1 27 26.04 20.3 50.0 28.0 25.12 33.9

2 38 61.48 27.4 45.0 28.7 31.45 57.6 1
3 35 17.39 Not Run 20.0 15.1 13.34 57.3

4 49 Not Ru Not Run 29.0 51.9 43.11 65.6

5 12 16.54 23.5 46.0 38.2 36.34 38.7

6 40 29.52 14.3 47.0 18.0 29.09 33.6

7 62 85.16 28.5 90.0 30.4 41.90 56.4

8 56 25.66 16.0 58.0 22.4 28.19 34.6 i

TABLE 3-8

REIATIVE ERRORS FOR MODEL SCEJLES WHN CNARED TO ACIUAL SCE=1J1ES

Proj. Actual SoftCost- COSIMDL PRICE S SASET SYST'4-3 SPQR/20
Number Schedule Ada

1 27 - 4% -25% 85% 4% -7% 26%

2 38 62% -28% 18% -24% -17% 52%

3 35 -50% NR -43% -57% -62% 64%

4 49 NR NR -41% 6% -12% 34% I
5 12 38% 95% 283% 218% 203% 223%

6 40 -26% -64% 18% -55% -27% -16%

7 62 37% -54% 45% -51% -32% - 9%

8 56 -54% -71% 3% -60% -50% -38%
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The number of schedule estimates that were accurate within +30% were as
follows:

MODEL PERFOFMANCE RANGE

I 1. SYSTM-3 4 out of 8 -27% to -7%
2. PRICE S 3 out of 8 3% to 18%
3. SASET 3 out of 8 -24% to 6%
4. SPQR/20 3 out of 8 -16% to 26%
5. C(3STMDL 2 out of 6 -28% to -25%
6. SoftCost-Ada 2 out of 7 -26% to -4%

3.4.2.2 Overall ConsistencyI
Since the objective of the study was to compare model performa ce

when applied to the same project data, special euphasis was placed on

obtaining consistent interpretations of project data across all models.

To accomplish this task, one person was chosen to derive all inputs for

all projects. This insured that the same knl edge base was used to

interpret project information and model parameters when inputs were

derived. After results were obtained, an analysis of model efforts was

performed to establish if results were consistently high or

consistently low, eliminating differences between the perspectives of

the person deriving the inputs and the model developer. This process

involved the following steps:

1. A percentage of actual effort to model effort was calculated.

2. The two extremes were discarded to achieve a truer sampling
of percentages.

3. A mean value of the remaining percentages was ccmxuted and
applied to the given model's estimates.

1 4. The relative error for each project was recalculated using
the adjusted efforts.

The results of this process when applied to each model are illustrated

in Tables 3-S and 3-10. After application of the means, the number of

adjusted effort estimates within +-30% were as follows:
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TABLE 3-9

RELATIVE ERRORS FOR EFFORT AFIM APPLYING MEANS

PR(JTFC SoftCost-Ada CO6MDL PRICE S SASET SYSTEM-3 SPQR/20
NUMBER M1earr=0.87 Mean=1.46 Mean=0.38 Meanr=0.72 Mean=O.38 Mearr=1.02

1 - 8% - 1% - 1% 1% - 42% -20%

2 84% 10% - 17% - 33% 25% 21%

3 - 11% Not F= - 88% - 49% - 74% 125%

4 Not Run Nt Run 22% 101% 28% 324%

5 - 13% 261% 160% 263% 260% 84% 1
6 65% - 29% 76% 27% 28% -41%

7 103% 45% 0% - 15% 26% - 18%

8 - 2% - 51% -26% - 7% -14% -73%

TABLE 3-10 i
RELATIVE ERRORS FOR SCHIEDUL AFTER APPLYING MEANS

PRQ= SoftCost-Ada I aS DL PRICE S SASET SYSrem-3 SPR/20

NUMBER Mean=0.90 Mearr=l.93 Mean1=0.69 Mearr=1.63 Mean=1.38 Mean=0.85

1 -13% 45% 28% 69% 28% 7%

2 46% 39% - 18% 23% 14% 29%

3 -55% Not Run - 61% -30% -47% 39%

4 Not Run Not Run - 59% 73% 21% 14% I

5 24% 278% 165% 419% 318% 174%

6 - 34% - 31% - 19% -27% 0% - 29%

7 24% - 11% 0% -20% 7% - 23%

8 - 59% -49% - 29% -35% -31% - 47%
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PERF14WE RANGE

1. SYSM-3 5 out of 8 -14% to 28%
2. PRICE S 5 out of 8 -26% to 22%
3. SoftCost-Ada 4 out of 7 -13% to -2%
4. COSfMODL 3 out of 6 -29% to 10%
5. SASET 4 out of 8 -15% to 27%
6. SPQR/20 3 out of 8 -20% to 21%

After application of the means, the number of adjusted schedule

estimates within +30% were as follows:

MPRFORMANCE

1. SYSTEM-3 5 out of 8 0% to 28%
2. PRICE S 5 out of 8 -29% to 28%
3. SPQR/20 5 out of 8 -29% to 29%
4. SASET 4 out of 8 -30% to 23%
5. SoftCost-Ada 3 out of 7 -13% to 24%
6. COIY DL 1 out of 6 -11%

3.4.2.3 Analysis By Application Type, Contract Type, and Ada Issues

The last three areas in which model performances were evaluated

consisted of the following: contract type, application type, and Ada

issues. Table 3-2 provides an overview of projects with regard to

these evaluation criteria. Performance in view of remaining criteria

was evaluated by comparing accuracy and consistency of effort

estimates. Findings are noted below.

Government Versus Qmmercial Cntracts. As illustrated in Table 3-2,

four government contracts and four commercial contracts were targeted

in the test case study. Examination of model performances identified

the following trends:

GOVERN CONTRACTS

Model Accuracy. SASET provided more accurate results for
governmnt contracts where three of four estimates were within 29%
of the actual effort. The number of effort estimates accuratewith +30% were as follows:
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1. SASET 3 out of 4 - 7% to 29%
2. oTDL 2 out of 4 -25% to -1%
3. SPQR/20 2 out of 4 -20% to 19%
4. SoftCost-Ada 1 out of 4 13%
5. PRICE S 0 out of 4 Not Applicable
6. SYSTEM-3 0 out of 4 Not Applicable

Mode1 Oistemcy. SYSrEA-3 provided the most accurate results
for government contracts with four of four estimates accurate
within 28% after a mean was applied. The number of effort
estimates accurate within +30% were as follows:

MODEL PERFORMANCE RANGE

1. SYSTE-3 4 out of 4 -14% to 28%
2. PRICE S 3 out of 4 -26% to 0%
3. SASET 3 out of 4 -15% to 27%
4. SPQR/20 2 out of 4 -18% to 21%
5. COS'IMDL 2 out of 4 -29% to 10%
6. SoftCost-Ada 1 out of 4 -2%

C(HMERCIAL CONTRACTS

model Axracy. SoftCost-Ada was extremely accurate for
estimating commercial contracts. Three of three estimates were
within 6% of actual effort. The number of effort estimates
accurate with +30% were as follows:

MODEL PERFORMANCE RANGE

1. SoftCost-Ada 3 out of 3 0% to 6%
2. SPQR/20 1 out of 4 -22
3. SASEr 1 out of 4 -29
4. COSTMhDL 0 out of 2 Not Applicable
5. PRICE C 0 out of 4 Not Applicable
6. SYSMM-3 0 out of 4 Not Applicable

Mil Cosistency. Softcost-Ada provided the most accurate
results for ccmmercial contracts with three of three estimates
within 13% of actual effort after a mean was applied. The number
of effort estimates accurate within +30% were as follows:

3-20



m
m

I 1. Softcost-Ada 3 out of 3 -13% to -8%
2. PRICE S 2 out of 4 - 1% to 22%
3. COIMDL 1 out of 2 - 1%
4. SASET 1 out of 4 1%
5. SPQR/20 1 out of 4 -20%
6. SYSTEK-3 1 out of 4 28%

Applicatian Type. Project data provided by software developers

consisted of three different types of applications: camrard and

control (four projects), tools/environment (three projects), and

avionics (one project). Performances of models with regard to these

I application areas were analyzed. Results were inconclusive with regard

to the avionics application type because there was only one project of

this type targeted in the study. Results are as follows:I
CCH~MAND AND (ONfnL

I Model A cxa-Wy Estimates generated by SASET and SPQR/20
were most comparable to the actual effort with three of four
estimates within 30% of actual effort for command and controlI _
type projects. The number of effort estimates accurate
within +30% were as follows:

MODEL PERFORANCE RANGE

1. SASEr 3 out of 4 - 7% to 29%
2. SPQR/20 3 out of 4 -22% to 19%
3. SoftCost-Ada 2 out of 4 6% to 13%
4. OfSflVDL 2 out of 4 -25% to -1%
5. PRICE S 0 out of 4 Not Applicable
6. SYSTEK-3 0 out of 4 Not Applicable

Model CQxistey. Although all of the models did very well,
PRICE S provided more accurate results with four out of four
estimates within 26% of the actual effort after a mean was
applied. The number of effort estimates accurate within +30% were
as follows:
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1. PRICE S 4 ut of 4 -26% to 0%
2. SASET 3 ot of 4 -15% to 1%
3. SYSTEM-3 3 out of 4 -14% to 26%
4. SPQR/20 3 out of 4 -20% to 21%
5. SoftCost-Ada 2 out of 4 - 8% to -2%
6. CoSIMDL 2 cut of 4 - 1% to 10%

odel Acuracy. SoftCost-Ada was accurate within 2% on two cut of U
the two tools/environrent projects to which it was applied. The
number of effort estimates accurate within +30% were as follows:

MODEL PEROIm4NCERAE

1. SoftCost-Ada 2 out of 2 0% to 2%
2. SASET 1 out of 3 -29%
3. CSITDL 0 out of, 1 Not Applicable
4. PRICE S 0 cut of 3 Not Applicable
5. SYS 1E-3 0 out of 3 Not ApplicableI
6. SPQR/20 0 cut of 3 Not Applicable

Model CQnsistency. SoftCost-Ada also provided the most accurate i
results in this category with two out of two estimates within 13%
of the actual effort after a mean was applied. The number of
effort estimates accurate within +30% were as follows:

MODEL PERDRMANCE RANGE

1. SoftCost-Ada 2 out of 2 -13% to -11%
2. SYSTEM-3 1 out of 3 28%
3. PRICE S 1 out of 3 22%
4. cOSMODL 0 out of 1 Not Applicable
5. SASET 0 out of 3 Not Applicable
6. SPQR/20 0 out of 3 Not Applicable

Cuparism of Ada Issues. Model philosophies regarding Ada issues were

examined to identify any possible reasons for differences between model

estimates. An evaluation of project data in light of Ada issues

described in Section 2.2 showed that six of the eight issues could not

be evaluated for either of two reasons:
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1. Project data was not provided that could be used to evaluate
the issue.

2. When information was provided, differences in project data
with regard to the issue were not apparent.

Three issues were excluded from evaluation because of a lack of data:
phase distribution of effort, language and tool maturity, and the

Hawthorne effect. Issues excluded because of a lack of definitive data
were the reusability impact, influence of Ada language features, and

influence of the APSE. The analysis of the remaining issues, modern

software develcmnent practices and the learning curve, was performed by

evaluating model performances based on the design approach and Ada
experience of the project developers.I
Modern Sobwar Develcpment Practices: Design Approach. Of the eight
projects targeted in the test case study, two (Projects 6 and 7)
utilized a structured design approach, and six used an OOD methodology.

Results were largely inclusive when model performances were evaluated

for design methodology. It was interesting to note however that the

Ada-specific model, SoftCost-Ada, which was most accurate on projects

in which OOD was the specified design methodology (four out of five
results were within 13%), had no effort estimates within 30% of project

actuals on the two projects which utilized a structured design

approach. Given the small sampling, it is difficult to attribute these
results to the specified design methodology.

ISTRCURED DESIGN

Model Accuracy. Results were inconclusive with regard to design

approach. The number of effort estimates accurate within +30%

were as follows:

i
i
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1. OOSTHDDL 1 out of 2 - 1%
2. SASET 1 out of 2 18%
3. SPOR/20 1 out of 2 -20%
4. SoftCost-Ada 0 out of 2 Not Applicable
5. PRICE S 0 out of 2 Not Applicable
6. SYSTEM-3 0 out of 2 Not Applicable

Momdel onsistency. No trends could be identified given the small
sampling of data. The number of effort estimates accurate within
+30% after means were applied were as follows:

MODEL PERFONCE RANGE

1. SYST'4-3 2 out of 2 26% to 28%
2. SASET 2 out of 2 -15% to 27%
3. PRICE S 1 out of 2 0%
4. SPQR/20 1 out of 2 -18%
5. COSIMDL 1 out of 2 -29%
6. SoftCost-Ada 0 out of 2 Not Applicable

OBJECT ORIENTED DESIGN m

Model Accuracy. SoftCost-Ada was most accurate on projects in
which OOD was the specified design methodology. The number of
effort estimates accurate within +30% were as follows:

MODEL PERFORMNCE RANGE

1. SoftCost-Ada 4 out of 5 0% to 13% 1
2. SASET 3 out of 6 -29% to 29%
3. SPQR/20 2 out of 6 -22% to 19%
4. COSTMODL 1 out of 4 -25%
5. PRICE S 0 out of 6 Not Applicable
6. SYSTEK-3 0 out of 6 Not Applicable

Model Oamistncy. Results could not be correlated to the modern
software development practices language considerations of the
models (discussed in section 2.2.2). The number of effort
estimates accurate within +30% after means were applied were as
follows:

m
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1. SoftCost-Ada 4 out of 5 -13% to - 2%
2. PRICE S 4 out of 6 -26% to 22%
3. 00I"MDL 2 out of 4 - 1% to -10%
4. SYSTEm-3 3 out of 6 -14% to 28%
5. SASET 2 out of 6 - 7% to - 1%
6. SPQR/20 2 out of 6 -20% to 21%

learning curve: Ada Experience. Of the eight projects targeted in the
test case study, two (Projects 4 and 5) professed an average Ada
experience of greater than three years. An evaluation of model
performances based on Ada experience yielded results that could not be
correlated to the learning curve language considerations of the models
applied in the case study. Results are provided for Ada experience
less than three years and greater t- 1-!ree years, respectively.

l LESS 1WAN 3 YEARS OF ADA EXPERIENCE

Model A curacy. No trends could be identified in light of the
language considerations of the models. The number of effort
estimates accurate within +30% were as follows:

3 MODEL PERFORMANCE RANGE

1. SASET 4 out of 6 -29% to 29%
2. SoftCost-Ada 3 out of 6 2% to 13%
3. SPQR/20 3 out of 6 -22% to 19%
4. COSTMODL 2 out of 5 -25% to 2%
5. PRICE S 0 out of 6 Not Applicable
6. SYSTEM-3 0 out of 6 Not Applicable

Mt1 Consistency. Results were consistent and could not be
correlated to the language considerations of the models. The
number of effort estimates accurate within +30% after means were
applied were as follows:

MODEL PERFDRMANCE RANGE

I 1. PRICE S 4 out of 6 -26% to 0%
2. SASET 4 out of 6 -15% to 27%
3. SYSTEM-3 4 out of 6 -14% to 28%
4. CXSrMDL 3 out of 5 -29% to 10%
5. SoftCost-Ada 3 out of 6 - 2% to -11%
6. SPQR/20 3 out of 6 -20% to 21%
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GREATER THAN 3 YEARS OF ADA EXPERIENCE

Model Accuracy. SoftCost-Ada was the only model accurate within i
the 30% range on one of the two project with personnel having
greater than three years Ada experience. The numbers of effort
estimates within +30% were as follows:

PERFORMCE RANGE

1. SoftCost-Ada 1 out of 1 0% i
2. COSIMODL 0 out of 1 Not Applicable
3. PRICE S 0 out of 2 Not Applicable
4. SYSTEM-3 0 out of 2 Not Applicable
5. SASET 0 out of 2 Nt Applicable
6. SPR/20 0 out of 2 Not Applicable

ModelClnsistery. After means were applied to effort results,

three models demonstrated performance within the +30% range:

MODEL PERFORMANCE RANGE

1. SoftCost-Ada 1 out of 1 -13%
2. PRICE S 1 out of 2 22%
3. SY=-3 1 out of 2 28%
4. COSTMDL 0 out of 1 Not Applicable5. SASET 0 out of 2 Not Applicable
6. SPQR/20 0 out of 2 Not Applicable

3.4.3 Comparison of Nominal Results

Models were applied using nominal (average) values for input i

ratings while providing actual project values for model input

parameters that must be estimated early in the life cycle and for which

there is no associated average value. The nominal inputs reflect the i
level of knowledge about a new development prior to contract award.

Parameters assumed to be available at contract award included the

following: 3

I
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1. Type of Application/Project Type
2. Estimate Scope (i.e., ccmponent within a system, stand-alone

program, release, etc.)
3. Project Class

4. Programing Language
5. System Architecture
6. Schedule *
7. Size *

Um (. Although size, schedule, and system architecture would not be kncwn

at contract award, an estimate would still be needed. Therefore the

size, schedule, and system architecture were estimated as the actual

values used in the system.) For instances when nominal ratings were

not provided, parameters were examined and a nominal rating was chosen.
The following assumed values pertain to specific models for which an

average value was not clearly identifiable:

Ada COCOM

Experience with Ada Process Moxel. The nominal response to this
parameter was assumed to be some familiarity with practices.

Design houhness at PDR. The nominal response to design
thoroughness at PDR was assumed to be Often (60%).

Risks Eliminated at PRR. The nominal response was assumed to be
Often (60%).

I Reqirements Volatility during Development. The nominal response
to requirements volatility during development was assumed to be
occasional, moderate changes.

SoftCost-Ada

Number of Ada Projects Completed by Team. The nominal rating
associated with the number of Ada projects completed by the
development team was assumed to be 1.

SASETr

Percent of Memory Utilized. The nominal value for percent of
memory utilized was assumed to be 50%.

Develcpmes , Lctions. The number of development locations was
assumed to be 1 location.
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As in the previous section, nominal results were examined with regard

to accuracy, consistency, contract type, and application type. An

analysis of restits in light of Ada issues was not performed because

model inputs that reflected the learning curve and modern development
practices were set to their nominal default values. The results are

presented in the following subsections.

3.4.3.1 Overall Accuracy

Nominal efforts and schedules were ccmpared to actual efforts and
schedules to ascertain which models provided the most accurate results

on nominal inputs. Tables 3-11 and 3-12 show the nominal efforts and

relative errors associated with the six models. The number of nominal
effort estimates accurate within +30% were as follows:

MODEL PERFORMNCE RANGE

1. SASET 4 out of 8 -24% to 29%
2. SYS -3 3 out of 8 -17% to 28%
3. C(STMDL 2 out of 6 -25% to -24%
4. SoftCost-Ada 2 out of 7 -27% to 14%
5. PRICE S 2 out of 8 -14% to -8%
6. SPOR/20 1 out of 8 -27%

Nominal schedule estimates and associated relative errors are shown in

Tables 3-13 and 3-14. The number of schedule estimates accurate within I
+30% were as follows:

MODEL* PERFOMWCE RANGE

1. SPQR/20 6 out of 8 -23% to 28% I
2. PRICE S 4 out of 8 -26% to 21%
3. SoftCost-Ada 2 out of 7 - 6% to 5%
4. SYSTE-3 2 out of 8 -23% to 5%
5. C'TMVDL 1 out of 6 -26% I

* SASET nominal schedules were not available.
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TABLE 3-11

NOMINAL EFFOT MWEC ONS

Actual SoftCost- COSTMODL PRICE S SASET SYSEM-3 SPQR/20
Number Effort Ada

1 302 344 229 621 463 388 219

2 684 439 511 626 635 715 334

3 134 42 Not Run 36 102 70 219

4 692 Not Run Not Run 2604 2652 6079 2562

5 144 517 438 749 814 761 286

6 190 109 94 529 394 131 100

7 696 508 308 1329 760 576 1069

8 322 92 71 276 415 107 78

U TABLE 3-12

RELATIV ERRORPS FOR NOMMLAL EFFORTS WHEN =X4ARED TO ACTUAL EFFORTS

Actual SoftCost- COSIMODL PRICE S SASET SYS=-3 SPQoV20
* Number Effort Ada

1 302 14% -24% 106% 53% 28% -27%

1 2 684 -36% -25% - 8% - 7% 5% -51%

3 134 -69% Not Run -73% -24% -48% 63%

4 692 Not Run Not Run 276% 283% 778% 270%

5 144 259% 204% 420% 465% 428% 99%

6 190 -43% -51% 178% 107% -31% -47%

7 696 -27% -56% 91,% 9% -17% 54%

8 322 -71% -78% -14% 29% -67% -76%
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TABLE 3-13 l

NCMINAL SCVEDULE PJ ECrIONS

Proj. Actual SoftCost- (IMDL PRICE S SYSTE4-3 SPR/20
Number Schedule Ada

1 27 28.39 20.0 36.0 20.9 33.3

2 38 35.81 26.3 46.0 22.1 42.7

3 35 10.34 Not Run 26.0 11.8 33.2

4 49 Not Run Not Run 50.0 51.6 62.7

5 12 33.28 25.0 36.0 26.1 38.7 1
6 40 18.14 14.6 54.0 14.6 30.8

7 62 33.09 21.6 53.0 23.8 73.6

8 56 14.1 13.4 37.0 13.4 31.9

TABLE 3-14 I
RELATIVE ERRRS FOR NONMIAL SC=EIJLES WHEN COARED TO ACIUAL SC= U-ES

Proj. Actual SoftCost- COSI4DL PRICE S SYSTIE-3 SPQF/20
Number Schedule Ada

1 27 5% -26% 33% -23% 23%

2 38 - 6% -31% 21% -42% 12%

3 35 -70% Not Run -26% -66% - 5%

4 49 Not Run Not Run 2% 5% 28% I
5 12 177% 108% 200% 118% 223%

6 40 -55% -64% 35% -64% -23%

7 62 -47% -65% -15% -62% 19%

8 56 -75% -76% -34% -76% -43%

I
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3.4.3.2 Overall Consistency

U Nominal results were also checked for corsistency. Table 3-15 arn

3-16 illustrate the relative errors after the calculated means were

applied. The number of effort estimates accurate within +30% were as

follows:

MODEL PERFOFMANCE RANGE

1. COSIMML 3 out of 6 -23% to 30%
2. SoftCost-Ada 3 out of 7 0% to 28%
3. SASET 3 out of 8 -24% to 7%
4. SYSTEM-3 3 out of 8 -26% to 13%
5. SPQR/20 1 out of 8 -14%
6. PRICE S 1 out of 8 -29%

After application of the means, the number of schedule estimates

accurate within +30% were as follows:

I MODEL PERFORMANCE RANGE

1. SPQR/20 6 out of 8 -28% to 20%
2. PRICE S 5 out of 8 -28% to 29%
3. SYSTER-3 3 out of 8 -25% to 19%
4. CISTMODL 2 out of 6 -27% to -23%
5. SoftCost-Ada 2 out of 7 0% to 14%

* SASET Nominal Schedules were not available for evaluation.

I 3.4.3.3 Analysis By Application Type and Contract Type

Governmeit Versus Oumercial xnitracts. Examination of nominal

i performances identified the following trends:

I
I
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TABLE 3-15

REATE E RRS FOR NKINAL EFFORt AFTER APPLYING MEANS 1
P JSoftCost-Ada 0STMDDL PRICE S SASET SYSTE4-3 SPQY/20 1
NUMBER Mear=l.75 Mean=1.74 Mean=0.78 Mean=0.70 Mear=1.08 Mean=l.18

1 99% 32% 60% 7% 39% - 14%

2 12% 30% - 29% - 35% 13% - 42%

3 45% Not Run - 79% - 47% -44% 93% I
4 Not Run Not Run 194% 168% 849% 337%

5 528% 429% 306% 296% 471% 134%

6 0% - 14% 117% 45% -26% - 38%

7 28% - 23% 49 - 24% -11% 81%

8 50% - 62% - 33% - 10% -64% - 72% I
TABLE 3-16

REIJATTVE ERROR FOR NCMTN4AL SCVEDIXJE A=TE APPLYING MEANS

CSoftCost-Ada CSMDL PRICE S SYS=-3 SPQP/20

NUMBER Mear=l.89 Mearr=2.1 Mean=0.97 Mean=2 .05 Mearf=0.94

1 99% 56% 29% 59% 16%

2 78% 45% 17% 19% 6%

3 - 44% Not Run - 28% - 31% - 11%

4 Not Run Not Run - 1% 116% 20% I
5 424% 338% 191% 346% 203%

6 - 14% - 23% 31% - 25% - 28%

7 0% - 27% - 17% - 21% 12%

8 -52% - 50% - 36% - 51% - 46%
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Model Acuracy. SASET provided the most accurate results for
government contracts where three of four estimates were within 28%
of the actual effort. The number of effort estimates accurate
within +30% were as follows:

I GOVERNMENT CONTRACTS

DEL P ANERANGE

1. SASET 3 out of 4 - 7% to 29%
2. PRICE S 2 out of 4 -14% to -8%
3. SYSTEM-3 2out of 4 -17% to 5%
4. CcSIMDL 1 out of 4 -25%
5. SoftCost-Ada 1 out of 4 -27%
6. SPQR/20 0 out of 4 Not Applicable

Model (mIsteny. SofCost-Ada, Ada (XCCM, and SYSIEK-3 all
provided three of four estimates to within 30% of the actual
effort -xpended. The number of effort estimates accurate within
+30% af x calculated means were applied were as follows:

MODEL PERFORNCE RANGE

1. SoftCost-Ada 3 out of 4 0% to 28%
2. SYSIEM-3 3 out of 4 -26% to 13%

I 3. CSIT0DL 3 out of 4 -23% to 30%
4. SASEr 2 out of 4 -24% to -10%
5. PRICE S 1 out of 4 -29%
6. SPR/2Q 0 out of 4 Not Applicable

COMMERCIAL CODNTRACTS

Model Accuracy. All models performed equally on commercial
contracts so no trends could be identified. The number of effort
estimates accurate within +30% were as follows:

MODEL PERFORMANCE RANGE

1. (OS!4DL 1 out of 2 -24%
2. SoftCost-Ada 1 out of 3 14%
3. SASET 1 out of 4 -24%
4. SPQFR/20 1 out of 4 -27%
5. SYSTEM4-3 1 out of 4 209
6. PRICE S 0 out of 4 Not Applicable

I
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Model Ownsistey. No trends could be identified for caiercial
contracts. The number of effort estimates accurate within +30%
after means were applied were as follows:

MDEL PERFO1MNCE RANGE

1. SASET 1 out of 4 7%
2. SP/t20 1 out of 4 -14%
3. SoftCost-Ada 0 out of 3 Not Applicable
4. PRICE S 0 out of 4 Not Applicable
5. COSTMODL 0 out of 2 Nt Applicable
6. SYSTEM-3 0 out of 4 Not Applicable

Aplicatin Type. Nominal Performancs in light of application type

were as follows:

CMMAND AND CONTROL

Model kxmracy. SASET provided the most accurate results
with three of its four estimates within 24% of the actual
effort. The number of effort estimates accurate within +30%
were as follows:

MODEL PERFORMANCE RANGE

1. SASET 3 out of 4 - 7% to 29%
2. SYST4-3 3 out of 4 -17% to 28% i
3. COTIDL 2 out of 4 -25% to -24%
4. PRICE S 2 out of 4 -14% to - 8%
5. SoftCost-Ada 2 out of 4 -27% to 14%
6. SPQR/20 1 out of 4 -27%

Model Qunsistncy. SASET provided the most accurate results with
three of four estimates accurate to within 24% of the actual
effort. The number of effort estimates accurate within +30% after
means were applied were as follows:

MODEL PERFORMANCE RANGE

1. SASET 3 out of 4 -24% to 7%
2. SoftCost-Ada 2 out of 4 12% to 28%
3. SYSTEm-3 2 out of 4 -11% to 13%
4. COSIMDDL 2 out of 4 -23% to 30%
5. SPQR/20 1 out of 4 -14%
6. PRICE S 1 out of 4 -29%

I
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Model Aotxca. All models performed equally on these types of
systm in the nminal runs. The nmber of effort estimates
accurate within +30% were as follows:

MVDEL PERFOTNCE RANGE

1. SASEI 1 out of 3 -24%
2. SoftCost-Ada 0 out of 2 Not Applicable
3. (OSTMDDL 0 out of 1 Not Applicable
4. PRICE S 0 out of 3 Not Applicable
5. SYSTM4-3 0 out of 3 Not Applicable
6. SPQR/20 0 out of 3 Not Applicable

:oe aonsistnc y . All models also performed equally. The mmber

of effort estimates accurate within +30% after calculated means
were applied were as follows:

MODEL PERFORMANCERAG

1. OOSflKDL 0 out of 1 Not Applicable
2. SoftCost-Ada 0 out of 2 Not Applicable
3. PRICE-S 0 out of 3 Not Applicable
4. SASET 0 out of 3 Not Applicable
5. SYS -3 0 out of 3 Not Applicable
6. SPQ/20 0 out of 3 Not Applicable

3-3
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4.0 DATA ANALYSIS

4.1 BAC

Once data was validated and normalized, six projects targeted in
the study were statistically analyzed to determine how they compared to
the normal productivity ranges exhibited by other Ada projects within

an application dcmain. Then, cost drivers inherent in the data itself
were investigated via statistical means (i.e., hypothesis testing,

goodness of fit, etc.) to validate cost drivers previously identified

and to uncover any new cost drivers.

i A report prepared for IIT=I, entitled "Ada Data Analysis and

Normalization" (RCI-TM-065), dated 9 January 1989, contains results of

the data analysis task that was performed by Reifer Consultants, Inc.
(RCI). The report identifies primary cost drivers for 10 application

i areas categorized as follcs:

1. Automation 6. Scientific
2. Command and Control 7. Simulation
3. Data Processing 8. Telecommunications
4. Environment 9. Test
5. Military (Dnbedded) 10. Other

Statistical sensitivity analysis was conducted on the domain of

primary cost drivers to see if the new Ada project data fit existing
relationships developed previously by RCI. Data that did not fit would

have an enlarged varian-e when compared to the norms in each of the

domains. Hypothesis testing was conducted to identify new cost

drivers. The result of the analyses was an updated list of cost
drivers in each of the 10 application areas.

I
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4.2 R

Domain Analysis

The new data provided by the six projects fell within the normal

ranges for those projects already within the RCI Ada database for the

application domain noted in Table 4-1.

TABLE 4-i

RESULT OF DOWIN AMNLSIS [REIFB9]

Type of System ProdUCIvity PrOductvity Vaiiance
Project (Dckidn) SIC/pn Pange (man) (SIDC/pm)

1 Automation 173 112-345 (210) + 33
2 Command & Control 190 26-289 (180) + 30
3 Environmental/Tool 113 81-587 (240) + 26
4 Environmental/Tool 400 81-587 (240) + 26
5 Environmental/Tool 450 81-587 (240) + 26
6 Military (Airborne) 127 18-228 (143) + 18

Sensitivity Analysis

Cost driver information provided from the questionnaires plus 10

other projects acquired fram separate sources were used to perform a

sensitivity analysis. The new data suggested several alterations to

existing parameter calibrations and relationships derived from previous

data. A summary of primary cost drivers in RCI's Ada database is

presented in Table 4-2 [REIF89].

4I
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I TABLE 4-2

I IMLW OOT DRrV IN RCI'S AER LAOWASE [RFB9]

poi Number of Size

Type of Software Projects Range Primary Cost Drivers
(ASIDC)

Automation 8 5-120 - Requirements Volatility
- Reuse

- Ex)perience
Comrand & Control 12 25-1800 - Requirawxits Volatility

- Reuse
- Degree of Standardization

- ExperienceI - Architecture

Data Processing 10 25-450 - Requirements Volatility
- Reuse
- Experience
- Architecture

Environment/Tools 22 5-1000 - Requirements Volatility
- Reuse
- Experience

I Military (Enbedded) 12 2-250 - Requirements Volatility
- Complexity
- Reuse
- Degree of Standardization
- Degree of Real-Time
- Experience

Scientific 4 28-300 - Requirements Volatility
- Complexity

- Reuse

- Experience

Simulation 3 80-175 - Requirements Volatility
- Reuse
- Experience

I
I
I 4-3

I



I

TABLE 4-2 i
PRMRY =T DIVERS IN RCI'S ADA DATABASE (Continued)

Number of Size
Type of Software Projects Range Primary Cost Drivers

Teleccmminications 12 5-400 - Requirements Volatility
- Cnplexity
- Reuse
- Experience
- Architecture

Test 3 22-125 - Requirexts Volatility- Reuse

- Experience

Other 7 5-180 -Requirements Volatility

- Experience

I
I
I
i
I
i
i
I
I
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5.0 a2[IcII2NSI
The following six cost estimation models were applied to a

database of eight completed Ada projects:

Ada-Specific Models Non-Ada Specific Models

1. Ada CnCO (IOC) .. PRICE-S (188230)
2. SoftCost-Ada (1.3) 2. SASET (1.5)

3. SPQR/20 (1.2)
4. SYSTEM-3 (.L.03)

I The version of each model reviewed is indicated in parenthesis beside

the model name. Project questionnaires were cmpleted by the

developers. This information was used to derive inputs for each model.
Emphasis was placed on providing a consistent set of inputs across all3 models. In addition, models were applied using nominal (average)

values for input ratings while providing actual project values for

size, application type, programming language, and other model inputs

that must be estimated early in the life cycle and for which there is
no associated average value. The nominal inputs reflect the level of

knowledge about a new project prior to contract award. Resultant

analyses were based on a comparison of each model's schedule and effort

projection and nominal run rr 'lts to the actual effort expended by the

software developer.

Results were evaluated for accuracy and consistency for each of

the following six categories:

1. Overall effort
2. Overall schedule
3. Government contracts
4. cmerial contracts
5. Command and control appl.4cations
6. Tools and environment applications.

I
I 5-1
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Tables 5-1 and 5-2 respectively sumarize the test case study results i

for derived and rninal inputs. For each evaluation criteria, the two

models that had the highest performance ratings are listed. Model

results were also evaluated based on the project's design approach and

personnel experience with Ada. Model performances could not be I
correlated to the laruage considerations of the models which are

described in Section 2.

5.1 RECaf1M TIONS

The test case study results demonstrate the benefits of cost

models that assist the estimator in predicting resource requirements
for a new development. The results do not validate the need for Ada-

specific models. Although SoftCost-Ada was most accurate overall, non- i
Ada-sper-ific models were comparable in terms of accuracy and

consistency.

The tLstits do recommend that users consider the following to
determine which-j models should be applied to estimate Ada software

costs:

Assess how nmth information is available about the project
and the developing organization. Application of models to
both regular and nominal runs in the study showed that model
performances varied with differing amount o _ project
information. Some performed better with minimum information
while others performed better with detailed information.

Ckrmider the custome~r. Model performances were evaluated
based on the type of contract. Sae models were more
effective when applied to government contracts while others
wers more accurate for estimating commercial contracts.

3mrider the type of application. Projects targeted in the i
test case study consisted of three different types of
applications: command and control (4 projects),
tools/environment (3 projects), and avionics (1 project). An
analysis of results based on application type revealed that
models that were most accurate on command and control
applications were not as accurate for tools and environment i
applications.

5-2
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TABLE 5-1

I SUMMRY TEST CASE SIUDY RESULTS:
BEST 'W PERFOIF4ANCES IN EAH CATEGORY

Evaluation model Performnce Range
criteria (Within 30%)

Overall Accuracy SoftCost-Ada 4 out of 7 0% to 13%
of Effort SASET 4 out of 8 -29% to -29%

Overall Accuracy SYSTEM-3 4 out of 8 -27% to - 7%
of Schedule PRICE S 3 out of 8 3% to 18%

Overall Consistency SYSTEM-3 5 out of 8 -14% to 28%
of Effort PRICE S 5 out of 8 -26% to 22%

I Overall Consistency SYSTEM-3 5 out of 8 0% to 28%
of Schedule PRICE S 5 out of 8 -29% to 28%

Model Accuracy on SASET 3 out of 4 - 7% to 29%
Government Contracts COIM4ODL 2 out of 4 -25% to - 1%

Model Consistency on SYSTEM-3 4 out of 4 -14% to 28%
Government Contracts PRICE S 3 out of 4 -26% to 0%

Model Accuracy on SoftCost-Ada 3 out of 3 0% to 6%
Commercial Contracts SPQR/20 1 out of 4 -22%

Model Consistency on SoftCost-Ada 3 out of 3 -13% to - 8%
Commercial Contracts PRICE-S 2 out of 4 - 1% to 22%

Model Accuracy on SASET 3 out of 4 - 7% to 29%
Command & Control SIP,/20 3 out of 4 -22% to 19%
Applications

Model Consistency on PRICE S 4 out of 4 -26% to 0%
Command & Control SASET 3 out of 4 -15% to 1%
Applications

Model Accuracy on SoftCost-Ada 2 out of 2 0% to 2%
Tools/Environment SASET 1 out of 3 -29%
Applications

Model Consistency on SoftCost-Ada 2 out of 2 -13% to -11%
Tools/Environment SYSTEM-3 1 out of 3 28%
Applications

* 5-3
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TABLE 5-2

SE@RY TEST CASE S= RESUUS FOR NCMINAL RUNS: i
BEST 110 PERF O4ANCES IN EACH CATEGORY

Criteria (Within 30%)

Overall Accuracy SASET 4 out of 8 -24-% to 29%

of Effort SYSTEM-3 3 out of 8 -17% to 28%

Overall Accuracy SPQR/20 6 out of 8 -23% to 28%
of Schedule PRICE S 4 out of 8 -26% to 21%

Overall Consistency COlMVDL 3 out of 6 -23% to 30% i
of Effort SoftCost-Ada 3 out of 7 0% to 28%

Overall Consistency SPQR/20 6 out of 8 -28% to 20% i
of Schedule PRICE S 5 out of 8 -28% to 29%

Model Accuracy on SASET 3 out of 4 - 7% to 29%
Goverment Contracts PRICE S 2 out of 4 -14% to - 8%

Model Consistency on SoftCost-Ada 3 out of 4 0% to 28%
Gaverr ment Contracts SYSTEM-3 3 out of 4 -26% to 13%

Model Accuracy on COSIMDL 1 out of 2 -24%
Camnercial Contracts SoftCost-Ada 1 out of 3 14%

Model Consistency on SASET 1 out of 4 7%
Camnerial Contracts SPQR/20 1 out of 4 -14%

Model Accuracy on SASET 3 out of 4 - 7% to 29%
Comnand & Control SYSTE4-3 3 out of 4 -17% to 28%
Applications

Model Consistency on SASET 3 out of 4 -24% to 7%
Conmnand & Control SoftCost-Ada 2 out of 4 -12% to 28% I
Applications

Model Accuracy on SASET 1 out of 3 -24%
Tbols/Eryviromient
Applications

Model Consistency on i
Tools/Ervirorment 0
Applications i
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I 5.2 LESSOWS LEARNED

I tfhile the study was performed on six cost estimation models, there

are many other models that are currently being used to estimate Ada

software costs. Additionally, as Ada usage and technology increase,
model developers will be constantly refining their models to provide

more accurate results in this field. Two models reviewed in this
study, SoftCost-Ada and SYSrEK-3 (now SYSTE=-4), have since released

new versions of their models. Ada COatV is an initial operational

capability that will be subject to further refinement. Because of
these factors, it is important to identify lessons learned during the
test case study to facilitate further research in this area.

I aessn No. 1: Have a specific objective in mind
when you approach a developer for data; Use a
simple, concise data collection form that focuses
only on the collection objective.

I Many requests were made to individuals to provide data on a

voluntary basis for the test case study. A specific objective provided

an incentive to the developer to provide data, especially if the

developer knew what the data was being used for and that results of the

data analysis would be valuable to his organization. The test case

study results were of great interest to all of the developers who

provided data for the research.

A single objective also focuses collection activities for the
developing organization. Developers are more likely to provide data if
it won't require too much effort. Requesting a broad range of

information fromi a single organization (i.e., cost data, quality data,
productivity data) will likely result in losing a potential data

Sresource.

Ada project data was provided for each project in the form of a

completed project questionnaire. Initially, Software Project Data

I 5-5
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Collection Forms and Instructions compiled for the Comptroller 's Office I
(ESD/ACR) were sent to developers. These forms were tailored

specifically to the Ada language and included many of the data items

required to run sane of the major software cost and schedule estimating

models. Three projects targeted in the test case study, attained from

ESD, were already in this format. However, the feedback fran project

developers rearding the volume of information requested caused II

to develop new, shorter forms devised fran an examination of model

inpt parameters.

It is also necessary to cite the minimu= data that is needed

before the developer uses valuable time and effort to omplete the

forms. For example, at minimum, the study required project effort in

person months and project -ize in SLOC. The '"e'll take anything

you've got" attitude results in too little data that is too general to

fulfill any useful purpose.

No matter how simple or well defined a form is, raw data provided

by the developer needs to be validated. Through validation procedures,

inconsistencies between responses can be identified. It is also a good

idea to discuss the cmpleted questionnaire with the person who

completed the form and "spot-check" certain questions to ensure that

the developer had the correct context in mind.

lessm No. 2: Expect a one in five response from
developers who initially agree to provide project
data.

Inquiries into the projects listed in the AMFO Ada Usage Database

resulted in 19 respondents who agreed to provide data for the test case

study. Of these newly identified projects, four were eventually able I
to provide requested data in a timely manner. Reasons for not

providing data included unavailability of information requested, the

amount of effort that completing the form would entail, and nonapproval n

by project offices to release the data.
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Frum this, we have learned the importance of targeting a large

number of organizations for a specific collection objective. IITRI's

status as a not-for-profit research institute and non-ccumpetitor also

enhanced our position to acquire data.

i IAssn No. 3: Provide an incentive for the
developer to provide data.I

Projects targcted in the test case study were obtained with the

incentive that the results of the test case study would be

automatically provided at no cost to the developer. In specific cases

other incentives were utilized. For example, one developer did an

excellent job of completing the project questionnaire but omitted the

nmiber of person months required to ccmplete the effort. The project

data that was provided by the developer could not fulfill its intended
purpose unless the actual project effort was also included in the data.

Upon contacting the developer, we were told that the information was
proprietary. Because the project was funded by the governt, the

information was eventually obtained through govenment intervention.

In all cases, the ability to gain the cooperation of software

developers required diligence on folloing-up initial requests and on

an agreeable attitud.

I lesson No. 4: Identify what needs to be collected
at the beginning of a new project and have the
developer provide the information at the project's

I ompletion.

iIt is interesting to note that six of the eight projects evaluated

for the study indicated extremely tight schedule constraints. In view
I of these accelerated schedules, data acquisition cannot be considered

to be a constant nuisance to the developer. However, the developerI5-7
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needs to be aware of the information that needs to be collected so that

it can be tracked as the project progresses. Information may be too

difficult to retrieve at the point of the project's campletion. For

example, the Air Force wanted IIRII to evaluate the distribution of

project effort by life-cycle phase. However, none of the developers
who provided data for the costing study tracked effort expended by

phase. It would have been beneficial to the costing study to identify
data items at the beginning of each project, such as in the Request for

the Proposal (RFP).

Iesson No. 5: The best way to gather consistent
information to provide collection tools.

The Ada costing study emphasized the different conventions that
various developers use to measure software attributes. Developers who

provided data used one of three methods to count StOC:

1. Physical lines including canents and blank lines

2. Physical lines excluding comments and blank lines

3. Terminal semicolons including those used in data declarations
and formal parameter lists.

In order to normalize the line counts so that camparable information

would be evaluated in the data analysis, conversion factors were used

to standardize the line counts. For example, deciding that an Ada

source line of code should be defined using terminal semicolons,

physical line counts (excluding comments and blank lines) were reduced

by 20% for a comparable measure of size. Obviously, the need to derive

conversion factors would not have been required if an automated line-

counting tool had been provided to each developer.

lesscn No. 6: For validation purposes, it is best
to obtain project data directly from the developer
rather than fram the government contact.
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It is best to communicate directly with the developer, for it is

the developer who can answer questions about the nature of the

development. It is also inportant that personnel at the proper level

be designated to respond. To illustrate this point, TITRI had occasion

to ask three people on the same project to rate the capability of the

prograining staff: the section manager, the project manager, and one of

the programu-mg staff. Each respondent had a different perspective on
the development and each replied with a different evaluation. It is
important to be aware of these unique perspectives and when feasible,

use consistency when targeting project personnel for data collection.

lesson No. 7: Designate a single collector and
i focal point for all interface with the developer. I

One method that will result in more accurate data is to designate

a single focal point for interface with the software developer. This

approach enables the acquisitioner to become familiar with the project

and be able to spot inconsistencies in the project data. Because the

acquisitioner is more familiar with the development, there is a

tendency to ask less questions required to familiarize oneself to a
development. A single interface also allows a good rapport to develop
between developer and data acquisitioner. After assessing these

factors, rdels which meet the given criteria for the chosen project

should be applied to generate cost estimates.

5.3 TOPICS FOR FURTHER RESEAC

This report represents a small window in time with respect to the
state of the art in software cost estimating. Case studies are

beneficial because they provide definitive data that reflect on current

practices. As long as Ada development methodologies continue to

evolve, new case studies are warranted. We recommend that future case

studies consider the following:

I 5-9
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o As 1t of Ada issues: An evaluation of project data in
light of Ada issues described in Section 2.2 showed that six
of the eight issues could not be evaluated due to a lack of
data. For example, the distribution of effort by life-cycle
phase could not be evaluated because none of the developers
who provided data for this study tracked effort expended by
phase. Schedule and effort distribution for Ada versus non-
Ada projects is a significant Ada issue. Future case studies
should consider these issues and target the data that is
needed to evaluate them.

o Inclusion of other models: Models that were included in this
study were selected based upon their availability to either
the AFCSTC, USACEAC, or IITRI. Model vendors were not
solicited. There are however a nmter of other good models,
for example, SLIM and SEER, that researchers should consider
evaluatin in future case studies.

o Data a itioz that tazgets speific aplicaticn types:
Findings indicate some interesting trends based on the type
of contract - ccmmercial or government - and the project's
application type. Future studies should consider these
trends and target projects based on these evaluation
criteria. For example, it would be beneficial to evaluatemodel performance for business applications.

o Maintenance cost evaluation: It is generally perceived that 3
Ada usage will result in long-term benefits of reduced costs
required to maintain code that is less error prone. Cost
models usually provide life-cycle maintenance cost for a
specified term. It would be useful to compare predicted
costs to actual Ada maintenance experience.

I
I
I
I
I
I
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?VMML VEOJ /Pl1M OF xMwriT (poC)U
Each of the models included in this study are undergoing continual

revision as developers receive feedback frm their users. For
additional information about a model or package, the designated
vendor/point of contact listed in Table A-i should be contacted.

TABLE A-i

MDEL VENDORS/PONTS OF ONTACT (POC)

MODEL VENDOR/POC

Ada COCOMO Dr. Barry Boehm

TRW Defense Systems Group
One Space Park
Redondo Beach, CA 90278

(213) 812-0786

PRICE S Dr. Robert E. Park
PRICE Systems
General Electric Company
300 Route 38, Bldg. 146
Moorestown, NJ 08057
1-800-GE-PRICE

SASET Mr. Steve Gross
Naval Center for Cost Analysis
Department of the Navy
Washington, DC 20350-1100
(202) 694-0173

I SoftCost-Ada Mr. Donald Reifer
Reifer Consultants, Inc.
25550 Hawthorne Blvd, Suite 208
Torrance, CA 90505
(213) 373-8728

I
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TABLE A-1 (Continued)

COST MODEL POINTS OF CONTACT

I
SPQR/20 Mr. Wayne Hadlock

Software Productivity Research, Inc.
P.O. Box 1033
1972 Massachusetts Avenue
Cambridge, MA 02140
(617) 495-0120 I

SYSTEM-3 Mr. Wayne Stanley
Computer Economics, Inc.
Suite 109
4560 Admiralty Way
Marina del Rey, CA 90292-5424
(213) 827-7300

DoD: Lt. Paul Marsey
Wright-Patterson AFB
(513) 255-6347

I'I
I
I
I
I
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i TABLE A-2

DA COMM RI TXIONS POINTS OF CONTACT (POC)

PACKGE POC

BMO* Lt. Darrish
Headquarters BMO-ACS
Norton AFB, CA 92409-6468
(714) 382-4713 Autovon: 876-5836

I CSTAR Mr. Dan Ligett
Softstar Systems
28 Ponemah Road
Amherst, NH 03031
(603) 672-0987

CXflVDL Mr. Bernie Roush
NASA Johnson Space Center
Mail Code FM 7
Houston, TX 77058
(713) 483-9092

GECOM) Ms. Susan Boers
GEC Software
1850 Centennial Park Drive, Suite 300
Reston, VA 22091
(703) 648-1551

Mr. Peter Sizer
132-135 Long Acre
London WC2E England
44-1-240-7171

i * Currently does not include Incremental Development.
Restricted use to Government only.
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* APEf B

MOEL INPUr PAXWM : I U.J EETI
This appendix contains a detailed description of model input

parameters for automated models discussed in Section 2.0. The input
parameter descriptions are listed by model nam.

(1) Ada CI4D

(2) PICE S

(3) SASET

(4) SoftCost-Ada

1 (5) SPQR/20

(6) SYSTEI4-3

Input variables for each model are categorized by input type as

follows:

Ils Product attributes describe the characteristics of the
software to be developed.

i • Sizing factors determine the quantity of software to be
developed.

i Process attributes describe the development methodology:
requirements definition, use of software tools, modern
programing practices, schedule, supporting documentation,

* etc.

* Comruter attributes refer to the virtual machine underlying
the system to be developed.

* Personnel attributes address the experience and capabilities
of the software development team assigned to the project.

* Environmental factors describe other external circumstances
that affected the development such as security requirements,
the makeup of the organizations involved, development
locations, and office facilities.

i
i -
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The description for each parameters contains the following

information:

* Name of input variable

Type of input - Input value formats are categorized as
follows:

R = Rating
% = Percentage or proportion
# = Count
C = Category
S = 0aaracter string~
Y/N = Yes or No
E = Empirically derived

* Default value

Required or optional input n

* Input variable definition - Descriptions provided here are
sumary explanations. More detailed definitions and
additional clarification of inputs are provided in the
training for use of the model or in the modelIs
reference/user's manual. I

The format for each variable description is as follows:

Name [type, default, required or optional] - input variable definition. I

BI

I

I
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Product Attributes

I 1. Required software reliability [R, Default = nominal,
Required] - degree of reliability required for a software
subsystem measured in terms of the effect of a software
failure.

2. Software prodc cmplexity JR, Default = nominal, Required]
- level of ccplexity of the module to be developed as a
function of the type of operations to be performed by the
module: control, computation, device-dependent, or data
management.

3. Required rei bility* [C, Default = Ada components not for
reuse elsewhere, Required] - the extent that the developer
must design, document, and test Ada components for reuse in
another application.

Sizing Factors

1. Delivered source instructions [#, No default, Required]-
count of all program instructions created by project
personnel based on the number of carriage returned in package
specifications plus the number of semicolons in package
bodies.

2. Adapted or reused instrutions [-, No default, RequireL '-
count of delivered source instructions adapted from existirg
software to form the new product.

Adapted Code Modification Factors:

3. Design modified [%, No default, Required) - percentage of the
adapted software's design which is modified in order to adapt
it to the new project's objectives and environment.

I 4. Code modified [%, No default, Required] - percentage of the
adapted software's code which is modified in order to adapt
it to the new project's objectives and envirorment.

5. Integration required for modified software [%, No default,
Required] - amount of effort required to integrate and test
the adapted software into an overall product as compared to
the normal amount of integration and test effort for softwareof comparable size.

* New cost driver for Ada COCOMO
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6. Data base size [R, Default = nominal, Required] - ratio of
amount of data to be assembled and stored in main storage by
the time of software acceptance to the total program size in
delivered source instructions.

Process Attributes

1. Experierne with Ada Process Model* [R, No default, Required]
-rating of the amount of familiarity and use of the TI Ada
Process Model.

2. Design tkxarougtmess at POR: Uhit package cxzipiled,
bodies otlirvei* [R, No default, Required] - degree to which
ccmpilable package specifications (and body outlines) were
produced for all top-level and critical laer-level Ada
packages by PER.

3. Risks eliinated by FUCR [R, No default, Required] - degree
to which all major risk items are identified and eliminated
by PDR.

4. Requirements volatility during dvealomi [R, No default,
Required] - frequency and criticality of changes in
requirements during product development.

5. Use of modern programming practices [R, Default = nominal,
Required] - degree to which modern programming practices are
used in developing the software.

6. Use of software tools (R, Default = nominal, Required]- I
degree to which software tools are used in developing the
software subsystem.

7. Reuied develoqpmwt sc±edkle [R, Default = nominal,
Required] - level of schedule constraint imposed on the
project team developing a software subsystem expressed in
terms of the percentage of schedule stretchout or
acceleration with respect to a nominal schedule with nominal
effort.

c..uter Attributes

1. Emmtian time cmstraint [R, Default = nominal, Required]- 3
degree of execution time constraint imposed upon a subsystem

expressed in terms of the percentage of available execution
time expected to be used by the subsystem and any other
subsystem consuming the execution resources.

* New cost driver for Ada COMI
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2. Main starage constraint [R, Default = nominal, Required]-
degree of main storage constraint imposed on a software
subsystem expressed in terms of the percentage of main
storage expected to be used by the subsystem and any other
subsystem~ consuming the main storage resources.

3. Virtual machine volatility: Hast* [R, Default = nominal,
Required] - relative frequency of major changes and minor
changes to the host virtual machine.

4. Virtual xhim volatility: Ta3 * [R, Default = nominal,
Required] - relative frequency of major changes and minor
changes to the target virtual machine.

5. CbQpuer turnarcui tine [R, Default = nominal, Required]-
average response time in hours from the time the developer
submits a job to be run until the results are back in the
developer's hands.

I Personnel Attributes

1. Analyst capability [R, Default = ncminal, Required] - level
of capability of the analysts expressed in terms of
percentiles with respect to the overall population of

i analysts.

2. Programer capability JR, Default = nominal, Required]-
level of capability of the analysts expressed in terms of
percentiles with respect to the overall population of
analysts.

3. Aplicatics experience (R, Default = nominal, Required]-I the project team's equivalent level of experience with the
type of application to be developed.

4. Virtual macine experiene [R, Default = nominal, Required]-
the project team's equivalent level of experience with the

underlying virtual machine for an application.

I 5. ProWgaxmmni language experience [R, Default = nominal,
Required] - the project team's equivalent level of experience
with the progranming language to be used.

Environmental Factors

1. Classified security applicatin* [R, Default = nominal,
Required] -Unclassified (nominal rating) or classified (high)
project security classification.

* New cost driver for Ada COCOM
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Product Attributes

1. Platform [R, No default, Required) - measure of
specifications that must be met regarding the portability,
reliability, structuring, testing, and documentation required
for acceptable contract performance.

2. Laxjag [S, No default, Required] - source language to be
used for the software development effort.

3. HSI cumplexity [R, Default = 1.0, Required) - relative effect i
of coplicating factors on the software development task
caused by hardware/software interactions.

4. Souxrc code mix [%, No default, Required] - percentage of
deliverable source lines of code that performs each of the
following categories of operations:

DaEta storage and retrieval
I

* On-line cmzuncztcos
• Real-time command and control
* Interactive operations
* Mathematical applicaticsi

Strin manipulaticrs• Operating sytm, and/or

Other.I

5. User defined application [R, No default, Required if a
percentage of sorc lines of code is allocated to the Other
category of operation] - describes the instruction mix of
software corresponding to Other (i.e. diagnostics, array
processing, quad-redurdant operating systems, etc.).

Sizincr Factors

1. Source lines of code [#, No default, Required] - total numtber i
of source lines of code to be developed excluding crmments.

2. Nion-executable code [%, No default, Required) - fraction of
source lines of code describing type declarations, data
statements, data initializations, and instantiations.

3. New design (corresponding to source code mix) [%, No default,
Required] - amount of new design required for the amount of
software for each category of operation designated under
surce code mix.

B-6
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4. New code (corresponding to source code mix) (%, No default,
Required] - amount of new coding required for the amount of
software for each category of operation designated under
smoue code mix.

Process Attributes

1. Internal r [R, No default, Required] - level of
difficulty of integrating and testing software components to
the CSCI level.

2. External integration (R, No default, Required only if system
level integration is to be estimated] - level of difficulty
of integrating aid testing the CSCIs to the system level.

3. Schede CS, No default, Either SCR or SSR dates required,
other dates are optional] - Milestone dates relative to the
single CSCI being estimated:

. System Concept effort starts
System Requirements Review
System Design Review (SER)
Software Specification Review (SSR)
Preliminary Design Review
Critical Design Review
Test Readiness Review~Functional Configuration Audit

Physical Configuration Audit

Operational Test ard Evaluation.

PRICE S generates a schedule based on user-supplied data
i addition to an inal or typical schedule based on
the SDR or SSR date that is input.

CopuerAttribte

1. Utilization [%, No default, Required] - fraction of available

hardware cycle time or total memory capacity used.

Environment Factors

1. Manageent complexity [R, No default, Required] - relative
effect of complicating factors on the software task such as
development at more than one location and/or a multinationalproject.

2. Pradiutvity factor [E, No default, Required] - net effect of
organizational characteristics including such factors as
skill levels, experience, productivity, and efficiency.

* B-7
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3. iuzplexity [R, Default = 1.0, Required] - relative effect of
complicating factors on the software development tasks
including such factors as product familiarity, personnel
skills, software tools, new language, and changing
requirements.
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I Product Attributes

1. Class of software CC, No default, Required] - operating
environment of the software to be developed: manned flight,
unmanned flight, avionics, shipboard/submarine, ground,ccnrial.

2. Primary Sofbe lIar*oig [C, No default, Required] -
principle software language that is used to develop the
software system.

3. in trin [R, Default = Average, Required] - level of
man interaction inherent in the system.

4. Timirg and Criticality [R, Default = Average, Required]-
performance requirements related to response times.

I 5. Software testability [R, Default = Average, Required] - level
of difficulty associated with extent and ease of software

* testing.

6. Software interfaces CR, Default = Average, Required] - number
of external software interfaces to other programs, systems,
and/or peripheral commuications equipment required by the
software system.

7. EEmbede development system [R, No default, Required]-
extent to which hardware will be developed concurrently with
the software.

8. PrcgrnUmix"g la*ae cxuplexity [R, No default, Required]-
complexity of the principle software programming language
rated according to the difficulty of language constructs,
syntax, and required training.

Sizing Factors

I Note: SASET will estimate size according to the user defined
functionality of a software system based upon the associated
database. The user may optionally bypass the sizing by software
functionality and directly input sizing information.

Items 1 through 5 refer to the "Software Functionality" inputs.

1. Softwiae Function [C, No default, Required for functional
sizing] - lowest level of deconpition for the component of
the software system to be developed. The user enters
quantitative parameters (items 2 through 5) for each software
function defined.
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2. Size valu [R, No default, Required for functional sizing]-
perceived complexity and size relative to the base size
estimate provided for the identified software function.

3. Generated/operaticral functin [C, No default, Required for
functional sizing] - indicates whether the software function I
is provided by sae element of the operational environment or

if the function needs to be designed and developed from
scratch by the software developer. 3

4. Oode canditicn [%, No default, Required for functional
sizing] - the portion of software function that is a new
function, modified, or a rehosted function requiring a
smaller portion of the life cycle for implementation than a -
modified function.

5. langu [%, No default, Required for functional sizing]-
percent of the software function which is to be implemented
in high-order language and the percent to be implemented in
assembly language.

6. CPU Hcst [#, No default, Required for functional sizing] -CFU
number of the total number of system CPUs on which the I
software function is to be hosted.

Note: Itemns 7 through 13 refer to direct sizing inputs. 3
7. Software type [C, No default, Required for direct sizing]-

one of four software types (system, application, support, andsecurity) for which the condition of the code (new, modified,
rehosted items 8 through 13) must be identified.

8. New IDL code (#, No default, Required for direct sizing]-
amount of HOL software that is to be developed from scratch.

9. Modified HDL code [#, No default, Required for direct sizing]
- amount of HOL software which has some development already I
complete and requires retesting, some redesign and recoding
effort in order to be utilized.

10. Rehosted HDL code [#, No default, Required for direct sizing]
- amount of ccmpleted and tested HOL software code which is
to be transferred from one ccmpiter system to another. I

11. Now Assembly code [#, No default, Required for direct sizing]
- amount of assembly code that is to be developed from
scratch.

I
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12. mdified Assembly code [#, No default, Required for direct

sizing] - amount of assembly code which has same developmentalready complete and which can be utilized in the softwareprogram under consideration.

13. psted Assembly code [#, No default, Required for direct
sizing] - amount of assembly software which has sane
development already complete and requires retesting, sane
redesign and recoding effort in order to be utilized.

Process Attr.te

1. Schedule [S, No default, Optional] - Start date, finish date,
and date of Critical Design Review relative to the single
CSCI being estimated. SASET generates a schedule based on
user-supplied data in addition to an "optimal" schedule based
on the start date that is input.

2. System rezirements [R, Default = Average, Required] - extent
to which system requirements are well defined and understood.

3. Software reqirements CR, Default = Average, Required]-
extent to which software requirements are well defined and
understood.

4. Software dkx.mentaticn [R, Default = Average, Required3-
level and volume of software documentation required for the
project.

I 5. Software develcqment tools [R, No default, Required] - level
of software development tools availability ranging fron basic
debuggers and full screen editors to sophisticated program
code generators that greatly enhiance productivity.

6. Technology impacts CR, Default = Average, Required] - extent
to which advances in technology will lead to a modification
of system or software requirements during the development.

7. aUPS sofbt m CR, Default = Average, Required] - level of
effort required to integrate off-the-shelf software with the
operational software that is being developed.I

Comuter Attributes

1. Hardware system type [R, No default, Required] - hardware
configuration of the system on which the software will be

i hosted.
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2. Oare utilized [%, No default, Required] - amount of machine
internal storage that is utilized by the operational
software.

3. Wbkstation types [#, No default, Required] - number of
workstation types requiring special screen clearing and set- I
up operations.

4. Mi _ocde [ %, Default = Average, Required]-
percentage of the software functions (with respect to thetotal software job) that are to be firmware.

5. EHadare cax aints [R, Default = Average, Required] - i
degree to which the software system utilizes available
processor memory, speed, and thr.

6. evelqcment versus host system [R, Default = Average,
Required] -significance of differences between the
development hardware system and the host system.

Personnel Attributes

1. Hardware experience [R, Default = Average, Required]-
ccmupany's experience with the hosting development hardware
equipment.

2. Software experience [R, Default = Average, Required]-
company's experience with the software language and operating
system. 

3. Development team (R, Default = Average, Required] -
development team's level of familiarity with the type of
function to be developed. I

Environmental Factors

1. Developmm* locaticns [#, No default, Required] - the number I
of locations at which the software is to be developed.

2. Custamer locaticns [#, No default, Required] - number of I
custaier locations requiring the transfer of software
development information or reviews during the software
developmnent cycle.I

3. Security level [R, No default, Required] - level of caputer
security requirevents that control access to system code,
data, and software functions.

4. Infozaticn travel regiurts"t [R, Default = Average,
Required] - amount of information travel required between
customer and contractor locations.
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5. Perscmuiel rescurcs [R, No default, Required] - relative
difficulty for staffing of the project due to special
training and security requirements of project personnel.

6. Develoumemt facilities [R, Default = average, Required]-
address the characteristics of the development facilities and
the perceived availability of ccaputer hardware.

II,
I
U
I
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Product Attributes I
1. Type of software (C, Default = other, Required] - application

specific damain of software to be developed.

2. d usage factor [R, Default = nominal, Required]-
percentage of the software being developed that will be
written in the Ada programming language.

3. Produ camplexity (R, Default = nominal, Required] - level
of complexity of the module to be developed as a function of I
the processing logic, optimization and efficiency concerns.

4. Degree of real-time [R, Default = nominal, Required] - the
amount of tasking required to meet the system's performance i

5. Degree of reue [R, Default = nominal, Required] - percentage I
of software that will be packaged for reuse on other
applications. I

Sizing Factors

1. Database size [R, Default = nomLnal, Required] - relativedatabase size (in bytes), represented as a percentage of the
total program size.

2. Subprojects C #, No default, Required] - number of I
subprojects/deliverables/CSCI's that are defined to be part
of the project. Subprojects are defined if a separate
estimate is to be developed for each of them.

Note: The project may be sized using either a function point
count or source lines of code count (SLWC).

Items 3 through 7 are required for function point sizing

3. FuXncian Point Count (#, No default, Required] - raw function I
point count calculated for the software system based on the
number of external inputs, outputs, inquiries, interfaces,
internal files, operating modes, rendezvous, and
stimulus/response relationships.

4. Cmerarnd/Operator Count (#, No default, Required] - measure of
the size consumed by the mathematical equations specified for
the system.

5. Lanruage type [C, Default = Ada, Required] programmg I
language which will be used to develop the software.
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6. Architectural factor [E, Default = 1.00, Reuired]-
adjustment which accounts for the impact of alternative
system architectures. The value is calculated by the ASSET-R
package.

7. Technology factor [E, Default = 1.00, Required] - adjustment
which accounts for the experience base and capabilities of
the software development organization. The value is

I calculated by the ASSET-R package.

Note: Items 8 through 13 are required for SLOC sizing

I 8. Ada cxmqxxits size (new) [#, No default, Required] - lines
of new Ada code to be developed by this project including
instantiations and program specification.

9. Ada componets size (reused) [#, No default, Required]-
lines of Ada code reused as-is, without modification. Each
instantiated conponent should be specified once, regardless
on the number of times it will be invoked.

10. Ada components size (modified) C#, No default, Required]-
lines of existing Ada code reused as an Ada cxuponent, but
modified during incorporation into the software system.

11. Other coumprnnts size (new) [#, No default, Required] - lines
of new code, written in a language other than Ada, that will
be incorporated as part of the soft-ware system.

I 12. Other ccmpnents size (reused) [=, No default, Required]-
lines of code written in a language other than Ada, reused as
a component and incorporated into the software system,II
without modification.

13. Other capan s size (modified) [#, No default, Required]-
lines of code written in a language other than Ada, reused as
a component but modified during incorporation into the

software system.

i Process Attributes

1. Required developmat schedule [R, Default = ncminal,
Required] - level of schedule constraint imposed on the
project team developing a software subsystem expressed in
terms of the percentage of schedule stretchout or
acceleration with respect to a nomLnal schedule with nominal
effort.

2. Degre of standardization [R, Default = nminal, Required]-degree to which language, life cycle, and military standards
are applied to the software developrent effort.
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3. Scope of soup t [R, Default = nominal, Required] - level of
support that the developer will provide to non-software
organizations.

4. Use of mdern softwerm methods [R, Default = nominal,
Required] - type of software methods, such as structured i
pagrairi or object-oriented design, that will be used
during the software development effort.

5. Use of peer reviews [R, Default = nominal, Required] - the i
types of reviews that will be used during the software
development effort.

6. Use of software tools/ewiraxwnts [R, Default = nominal,
Required] - level of software tools and tool environments
used in the development process ranging from basic Ada
language tools to a full integrated life cycle APSE.

7. 1qJrt volatility [R, Default = ncvnal, Required]-
percentage of requirements that are well established and will
not change.

Computer Attributes i

1. System architecture CC, Default = centralized architecture
using a single processor, Required] - hardware configuration
of the system on which the software will be hosted.

2. Software tools/enviraent stability [R, Default = nominal, i
Required] - stability and capability of the compiler and the
frequency of changes to the software tools and tools
environments used in development.

3. Deree of c iuaizatiu [R, Default = ncminal, Required]-
degree to which available processor memory, speed, and
input/output are utilized.

Personnel Attributes

1. Ada projects coupleted [#, No default, Required] - combined
average of the number of Ada projects ccmpleted by members of
the project team.

2. Analyst capability [R, Default = nominal, Required] - level
of capability of the analysts expressed in terms of
percentiles with respect to the overall population of
analysts.

I
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3. Appicaticsm eqae (R, Default = nacunal, Required] -

average experience the analysts have with the types of
applications within the software system.

4. Ada t eprience [R, Default = ncMinal, Required]-
average experience the analysts have with the Ada software
development environment that will be used during development

of the software.

5. Ada laruage experienoe [R, Default = nominal, Required]-
average experience the analysts have with the Ada programnung
language.

6. Ada methodolcgy experienoe (R, Default = nMMinal, Required]-
average experience the analysts have with the chosen Ada
development methodology.

7. Team capability [R, Default = nominal, Required] - type of
team - design, programming, or interdisciplinary, to be used
for the software development effort.

Environmental Factors

1. Software mrnizatixs involved [ #, No default, Required]-
organizations which provide level of effort support (i.e.
configuration management and quality assurance) and system
level support.

2. Organizatinal interface cplexity [R, Default = nainal,
Required] - number of internal and external interfaces
between all involved personnel and the degree to which
organizations involved in the effort are geographically
dispersed.

3. Security requir ents (R, Default =ncinal, Required]-
security measures that must surround the development effort.

4. Rescurn availability [R, Default = numinal, Required]-
percentage of staff availability assigned to the project and
accessibility to software tools and equipment.

II
I
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Product Attributes

1. Estimate type [C, No default, Required] - indicates whether
the project being estimated is a new program, an enhancement,
or a maintenance change.

2. Estimte sce [C, No default, Required) - the kind of
program or system that the estimate is for: prototype, module m
of a program, reusable module for multiple programs, cumplete
stand-alone program, system, release, etc.

3. Project clas [C, No default, Required] - indicates whether
the software is to be used internally or externally, at
single or multiple locations, developed under cmmercial,
government, or military contract, and used by others in the
public dcmain or sold as a retail product.

4. Project type [C, No default, Required] - application domain
of the software to be developed.

5. New code language [C, No default, Required) - source language I
in which new software is to be developed.

6. New code language level [R, Default, Required] - the number I
of assembly language statements it will take to create the
same function that one statement will take in the new code
language.

7. New code logical cxmplexity [R, Default = Average, Required]
- rating from 1 (mostly simple algorithms) to 5 (many complex
calculations) for level of complexity of the problem or
algorithms to be coded.

8. New code structural cuplexity [R, Default = Well Structured,
Required) -rating fram 1 (nonprocedural) to 5 (poor structure
with many complex paths and modules) for new program
structure.

9. New code data cxzplexity [R, Default = Multiple Files,
Fields, and Data Interactions, Required] - rating from 1
(simple data with few variables) to 5 (very complex data
elements and data interaction) for complexity of both the
file structure and the data elements which the program or
system will utilize.

10. Base code language [C, No default, Required for enhancerent
or maintenance estimate type] - refers to existing code of a
program or system.
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I 11. Base code language level [R, Default, Required for
enhanceTent or maintenance estimate type] - the nmtber of
assembly language statements it will take to create the same
function that one statement will take in the base code

12. Base logical cumplexity [R, Default = Average, Required for
enhancement or maintenance estimate type] - rating from 1
(mostly simple algorithm) to 5 (many couplex calculations)
for level of complexity of the problem or algorithm of the
base system.

13. Base code structural ccplexity [R, Default = Well
Structured, Required for enhancement or maintenance estimate
type] - rating from 1 (nonprocedural) to 5 (poor structure
with many complex paths and modules) for base program
structure.

14. Base code data cumplexity [R, Default = Multiple Files,
Switches, and Data Interactions, Required for
enhancement or maintenance estimate type] - rating fram 1
(simple data with few variables) to 5 (very complex data
elements and data interaction) for complexity of both the
file structure and the data elements which the base program
or system utilizes.

15. Ibisable code language [C, No default, Required if source
code reusability > 0%) - refers to code that will be reused
from an existing application.

I 16. Reusable code language level [R, default, Required if sourc
code reusability > 0%] - the number of assembly language
statements it will take to create the same function that one
statement will take in the rasable code language.

Sizing Factors

1. Source code reusability [R, Default = Moderate (> 25%),
Required] - rating from 1 (extensive, > 75% use of reusable
code) to 5 (no use of reusable code) for the amount of
included code from software libraries.

2. Reusable code size [#, No default, Required if source code
reusability > 0%] - refers to reused source code.

3. Base code size (#, No default, Required for enhancement or
maintenance estimate type] - refers to existing code of a
program or system.

NOTE: SPQR/20 will optionally estimate new code size using thefunction point methodology if a SWDC value is not entered
directly for new code size.
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4. Now code size (#, No default, Required for direct sizing]-
refers to new code to be developed. The line of code count
includes procedural statements and data definitions and
excludes cmients, JCL, and included code.

NOTE: Items 5 through 9 are required inputs for function point
sizing

5. Irpzts (#, No default, Required for function point sizing]-
unique number of input file, control information, or input
screens that enter a program from an external source. Inputs
are counted if they require unique processing logic or
introduce new formats.

6. Outplts [#, No default, Required for function point sizing]-
unique number of output files, control information, or output U
screens that leave a program and go to an external source.
Outputs are counted if they require unique processing logic
or introduce new formats.

7. In'vzries [#, No default, Required for function point sizing)
- unique input/output combination such as a HELP screen,
selection menu, or inquiry where an input is entered to
direct a search of internal files and generate an inmediate
output. Inquires are counted if they require unique
processing logic and cause no change to internal data.

8. Data files [#, No default, Required for function point
sizing] - number of input and output files which the program
will generate, access, or update. Also, each hierarchical
path through a database or table in a relational database
that requires unique processing.

9. Intaces [#, No default, Required for function point
sizing] - files or databases passed between or shared among
separate applications.

Process Attributes

1. Project estimt goals [C, No default, Required] - user 1
imposed constraints to be factored into the SPQR/20 estimate
relating to staff size, schedule, cost, and required quality
and reliability.

2. Paquirits definitian [R, Default = Fairly Clear User
Requirements, Required] - rating from 1 (program developers
are also users of the program) to 5 (uncertain, changing,
ambiguous requirements) indicating the level of clarity and
completeness of requirements definition. 1
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3. Progrm design autoiation [C, Default = New Designs with
Partial Text/Graphics Support, Required] - rating fran 1
(reusable designs with autamated text/graphics support) to 5
(new designs or hasty design with no autmation) signifying
the level of program design autcmation.

4. User documentatin [C, Default = Programmers or Users;
Autanated Graphics/Text Support, Required] - identifies
whether professional writers, programmers or users write
documentation and the amount of documentation autanation
utilized.

Computer Attributes

1. Terminal respnse time [C, Default = 1-5 Seconds, Required]-
average response time in seconds fram the time the Return

(Enter) key is depressed until the terminal responds.

Personnel Attributes

Note: Maximum and minimum staff size are selected by the user if
project estimating goals stipulate constrained staffing.

1. Maximum staff size [#, No default, optional] - user imposed
staff size constraint to be factored into the SPQR/20
estimate.

2. Minimum staff size [#, No default, optional] - user imposed
staff size constraint to be factored into the SP2P/20
estinate.

3. Staff availability [%, Default = 100%, Required] - average
time of availability of project personnel to be assigned to
the project.

4. Average work week [#, Default = 40 hours, Required] - average
work week for the staff on the project being estimated.

5. Average work year [#, Default = 220 days, Required] - average
number of days in a work year for the organization.

6. Staff experience [R, Default = Even Mixture of Experts and
New Hires or Novices, Required] - ratio of experienced
project personnel familiar with the program to new hires andi novice new the application.
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Environmental Factors

1. Project novelty [C, Default = Even Mixture of New and
Repeated Features, Required] - novelty of application to the
organization.

2. Office facilities [C, Default = Multi-Emloyee Offices,
Required] - physical environment where software developmnt
takes place such as individual offices with excellent
facilities or an open office arrangement.
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Product Atiue

1. Applicatiogn cumpexity [R, Default = nominal, Required]-
inherent difficulty associated with the application urer
estimation considering the number of years of work or study

required to become proficient in the application area.

2. Display regltireimmts [R, Default = nominal, Required]-
amount of extra effort required to interface with the user.

3. rquage type [IR, Default = nominal, Required] - inherentomplexity, mgnitude, and learning difficulty of the

development programming language.

4. Real time operation [R, Default = nominal, Required]-
percentage of the development task that must perform its
processing function within absolute time constraints.

5. Time canstraint [R, Default = nominal, Required] - percentage
of code that must have special attention to ensure adequate
time performance (not real time) in order to meet overall
system performance requirements.

Sizing Factors

1. Source lines of cod [#, No default, Required] - amount of
progranmer dev=ioped source lines of code including all
executable source lines, data declarations, and format
statements and excluding comTents and continuations.

Process Attributes

1. !Yxnern developmt practices [R, Default = nominal, Required]
- degree to which modern development practices are used in
developing the software.

2. Quality assurance level [R, Default = nominal, Required]-
required quality assurance effort based on the inpact of a
software failure.

3. Requirumots volatility [R, Default = nominal, Required]-
frequency and criticality of anticipated changes to the
software requirements specification during development.

4. pecificatian level [R, Default = nominal, Required] - level
of documentation that will be produced during the project
development usually consistent with quality assurance level
and test level.
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5. Test level [R, Default = ncmiral, Required] - depth to which I
the software will undergo testing through Final Qualification
Test usually based on the impact of a software failure during 5
operation.

6. Tool slpmot, autamated [R, Default = nominal, Required]-
availability and use of automated tools by the development I
team ranging from primitive to the advanced APSE.

Computer Attributes

1. 1Memay caxstr aiits [R, Default = nominal, Required] - effort
required to make the software function within available
ca ter mmry.

2. Rebutting effort [R, Default = nominal, Required) - effort
required to convert the software from the development I
facilities to the target system based on the extent of
language and system changes required.

3. Resource dedication [R, Default = nominal, Required]- I
percentage of availability of the virtual machine to the
software development project.

4. Virtual madine cumplexity [R, Default = nominal, Required]-
relative difficulty to fully understand all virtual machine
features.

5. Trnaroud - Logan through haricopy [R, Default = nominal,
Required] - average time required to log onto the system,
perform crmmand actions to edit and save a file, compile,
link, execute, print a source listing, and receive a
hardcopy.

6. Virtual machine volatility (R, Default = nominal, Required]
- frequency and criticality (major/minor) of changes to the
virtual machine during development.

I
Personnel Attribuxtes

1. Analyst -apbility [R, Default = nominal, Required) - levelI
of capability of the analysts rated according to team
efficiency, motivation, attitude, quality of previous work,
ability to ommunicate, and ability to learn quickly.

2. Analyst a_[licati"zu experience [R, Default = nominal,
Reuired] - the project team's average level of experience
with similar applications.

3. Language experience JR, Default = nominal, Required] - theproject team's average level of experience with the
programinng language to be used.
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I
4. progra- r capability CR, Default = nominal, Re]uire -

level of capability of the programnrs based on ability todefine design details, develop code, prepare test cases forprogram modules, and integrate modules.

5. Virtual madlin experience [R, Default = namiinal, Required]-
the project team's average level of experience with the
underlying virtual machine for an application.

Environmental Factors

1 . Miltiple site deveJalcrt [R, Default = naminal, Required]-
additional time required for developmnt due to the number
and location of different development organizations.

2. Resourc location CR, Default = naminal, Required] - degree
of access to development resources, system consultants,
progranmmin language support, and software tools support.

i
i
II
I
II
I
i
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Table C-i summarizes the hardware requirements for each of the
models. All of the models are available on an IEM PC (or compatible).
Additional details concerning hardware requirements are provided in the
following text. 

TABLE C-1

IBM PC ZENITH-248 PRIM VAX MDDEM

COGIMVDL X

PRICE S X X X

SSASET x

SoftCost-Ada X X

SPQR/20 X

SYS -3 X XI
X = Available to DoD and Canercial users

I, -
I
I
I
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1. MXSDEL: CflSIMDL runs on IBM PCs ard compatibles. A hard i
disk and 640K bytes of memory are required. Any monitor may
be used, but a color monitor is preferred since color is used
to differentiate between different classes of data.

2. PRICE S: PRICE S runs on a PRIME miniccmpter operating
under PRIMOS. In addition, PRICE S can be accessed via a
time-sharing system with an office terminal and standard
modem.

3. SASET: SASET may be hosted on any IBM PC or compatible with i
a minimum of 512K bytes of memory, one disk drive, and an
8088/86, 80186, 80286, 80386 microprocessor running PC-DOS or
MS-DOS, version 2.0 or higher. The model functions with i
either a color or monochroe monitor. A hard disk and
printer are optional.

4. SoftQst-Ada: SoftCost-Ada runs on an IBM PC, C/XT, C/AT, I
PS/2 or compatible with a minimum of 256K bytes of memory and
a color or monochrome display. The system requires PC-DOS or
MS-DOS, version 2.0 or higher. A minimum of one floppy disk I
drive is required. A hard disk drive and printer are
optional. SoftCost-Ada may also be hosted on the Digital
MicroVax II or VAX 11/780 with VMS version 4.6 or higher.

5. SPC/20: SPQR/20 runs on an IBM PC, XT, AT, or conpatible
with 512K bytes of memory and a color or monochrome display.
Two floppy disk drives or a floppy disk drive and a hard disk
drive are required.

6. SYSf*3: SYSr-3 runs on an IBM PC, XT, AT, Zenith 248 or
compatibles with a minimum of 512K bytes of memory and a
color or monochrome display. The system requires PC-DOS or
MS-DOS, version 2.0 or higher. A miniLmm or one floppy disk
drive is required.

II
I
I
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Tables D-1 and D-2 summarize the availability and cost of models
applied in the test case study. Table D-l summarizes the availability
of each model to DoD and cTmnrcial users. Availability through
request means that a potential user can receive the model at no cost by
contacting the model PCC. The model is received on diskettes that are
provided by the requestin agency. Table D-2 shows the DoD rates for
each of the models. Separate ccanmercial rates apply to PRICE S and
System-3. Additional costs may be associated with user training, which
is required for sae of the models. Also, rates will vary depending
upon the type of licensing agreement procured (annual, site, corporate,
etc.) .

1 1. 067CL: CSIMDL is available to all DoD and commercial
users. Version 5.0 of CISMDL is available by contacting
Bernie Roush at NASA- Johnson Space Center. Version 5.0
implements the complete Ada O=) model and the Incremental
Development model which were intoduced by Dr. Boehm at the
November 1987 COOCMO User's Group Conference. It does not
include the enhancements to the Ada model that Dr. Boehm
introduced at the 1988 COCMM User's Group Conference.
Enhancements will be incorporated in Version 6.0. Requests
should be accompanied with three 360K 5.25" disks.
Implementors are currently soliciting feedback on the
package's users-interface. After upgrades, CC6hZDL will be
available from

NASA/COSMIC
The University of Georgia
Computer Services Annex
Athens, GA 30602(404) 542-3265

U There is a nominal handling charge for the program.

2. PRICE S: PRICE S is part of the PRICE system of models that
includes PRICE SZ for software sizing, and PRICE SL for
software life cycle costs (maintenance, enhancement, and
growth activities associated with life-cycle support).
Goverrment users can use the PRICE S package on a time
sharing basis at $82 per hour (through 11/91) by contacting
Lt. Ken Nelson of the Aeronautical Systems Division at Wright
Patterson AFB. Commercial users can use the PRICE S package
on a time sharing basis at $15/hour of connect time and

I
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TABLE D-1

CONTRACTUAL ARRANGEMENTS

PIiASE LEASE TIME SHAIRE RE)UQ=

X

PRICE S
D3

SotCost.-Ada

XX

SPQA/20 x ____ _____ ______

X
SYSTEM-3 3

TABLE D-2

LEASE/PJMCASE RATES( D) I

FIRST UNIT EXTRA LITS TIME SHARE

No Cost
COSTMODL
OOIMD $82/Har 3
PRICE S 

$2Hu

No cost, but

controlled access 
3

$8,000 $1,000/Copy
SoftCost-Ada $5,000 Negotiable

SP2R/20
$9,550/Year $800/CopySYSTEM-3I
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$0.06/resource unit of CPU time by contacting PICE System
at Moorestown, New Jersey, but, they mist also pay an access
fee of $40,000/year for one unit or $60,000/year for
unlimited access. Ctmercial users can also lease the PRICE
S package for installation on their own PRUME minicomputer at
$60,000/year for one user at a time or $80,000/year for
unl.iited access. A one week training course is mandatory
and costs $1,312.50 (through 11/91) for a government student3 or $1,750 for a commercial student. These costs include
refresher training, manual updates, technical assistance, and
newsletter at no additional charge.

3. SASEr: SASET is presently being used by the U.S. Air Force
Cost Center and the Naval Center for Cost Analysis.
Availability to DoD users on a broader basis is an issue that
will be decided by Mr. Steve Gross and the Naval Center for
Cost Analysis. There are presently no plans to market the
SASET model, but Martin Marietta Corporation may market a
derivative model.

4. Softbost-Ada: SoftCost-Ada is available for a monthly or
annual licensing fee. The SoftCost-Ada PC version annual
licensing fee for one unit costs $8,000. The price for
additional copies is $1,000. A site license is $11,000. The
SoftCost-Ada Vax version costs $8,000 for the first license
(4 users) and $1,000 for each additional license (4 users).
Prices include a telephone help line and system upgrades at
no additional charge. SoftCost-Ada Vax version site
licensing agreements are negotiable. A GSA contract is being
negotiated which will result in a discount for DoD users.

5. SPW20: A SPON20 one time licensing fee for purchasing one
unit costs $5,000. Site licenses and multi-volumi,.purchases
are negotiable.

6. SYSTm-3: The System-3 annual rate for government users is
$9,550/year for one unit; additional units (two and three)
are $800/year and $600/year for four or more units. The
System-3 annual licensing fee for commercial users is $12,500
for one unit; additional units (two through four) are
$2,000/year. In addition, further price reductions are
available for blocks of five, ten, 25 and 50 units. System-3
has a training course available. This course is strongly

ned and costs $790/person when given at the CEI
facility. Training at the customer's facility (up to 20
persons per session) is $4500/session plus travel and living
expenses for CEI personnel. Commercial training costs are
$5,800/per session plus travel and living expenses. Prices
include a telephone help line and system upgrades at no
additional charge.

* D-3I
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S C F COERAG: LZ CYL HES AND '!vrrl

With the exoeption of SPW/20, each model included in this Ada
costing study generates an effort expenditure summary in terms of the
software cost elements encuipassed by the estimate and by life cycle
phase. SPQR/20 provides estimates only in terms of the software
project activity. However, these activities can be mapped to life-
cycle phases. Table E-2 shows the range of life-cycle phases covered
by each model. Phases are mapped to technical reviews and audits ([DOD-
STD-2167A] in order to provide a basis for omparison of models in
terms of life-cycle coverage. Blocks depicted in Table E-1 are
labelled using the same phase terminology prescribed by each model. It
is evident fran the Table that pases are not defined in a standard way
across all models. All of the models cover the operational or
maintenance phase in addition to development. Operational support,
following successful completion of a software acceptance review (FQR),3estimated for each model is provided in Table E-1.

A breakdown of software cost elements enca.ipassed by the model
estimates is provided in Table E-2. Activities are described using the
exact terminology of the model. A separate estimate given in terms of
person-months of effort is provided for each cost element.

I
TABLE E-1

OPERATI1L SaPFCR ACTIVIIE

C SMDL: Annuali mainterance

PRICE S: Operational support for user-specified
length

SASEt: Operational support for user-specified

I length

SoftCost-Ada: Operational support for user-specified
* length

SPQR/20: Up to 5 years of operational support

SYSTEM-3: 15 years of operational support

I
*E-l
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SOKWRE OXSr ELMENTS ENCCPASSED BY NEEL ESTIMATES

MODEL ACIVIY

C0S 3WL .Requirements Analyses
. Product Design
. Programngr
. Verification and Validation

S. Project Office

. Ction Management/Quality

. Manuals

PRICE S . Software Design
.Programngr

. DocumentationI Systm Egineering and Program
Management

. Quality Assurance

. Configuration Management

SASET Software Engineering
. Systems Engineering
.Quality Assurance
.Test Engineering

SoftCost-Ada . Software Development
. Software Management
. Software Configuration Management

Software Quality Evaluation

i SPQR/20 .Planning

. RequirementsU Design

Integration/Test
Documentation

* Management

I SYsrE-3 Systems Engineering
* Project Management
i Design
*ProgrammnersQuality Assurance
•Configuration Management| .Test
•Data Manipulation
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Appendix F provides a description of the Ada COCCMD Model which
was introduced by Dr. Boehm at the 1987 a22M User's Group Conference.
This description includes the enhancements to the Ada model, namely the
inLrrpolation of ACAP, PCAP, and MODP .m-iltipliers, that Dr. Boehm
introduced at the 1988 CW User's Group Conference. Note that
current estimating equations only apply to embedded-mode software
projects (see pages 78-83, Software Enrineerin Econics). Equations
have not been developed for organic or semidetached modes, or Basic
C=OM [BoE88]. This overview is organized into the following
sections:

I. Estimating Naunal Effort

A. Accessin Compliance with the Ada Process Model
B. Ada Instruction Counting Rules

II. Adjust Nominal Effort

A. Rate Software Development Effort MultipliersB. Interpolate ACAP, PCAP and MDP Multipliers
C. Apply Effort Multiplier

III. Sample Problem

I. Fstimating Nominal Effort

An Ada COaCV software development effort estimate begins by
determining the size of the effort aid the extent to which the
development effort complies with the Ada Process Model. Once these
values have been determined, a nominal effort estimate is generated,
using the following equation:

M~no m = 2.8 (KESI) 1.04+b (1)

* where

KDSI = Thousands of delivered source instructions

I b extent to which the development effort
complies with the Ada Process Model.

The values that b can assume range frum b = 0, for full use of the Ada
Process Model, to b = 0.20, for non-use of the Ada Process Model.
Since the extent of canpliance with the Ada Process Model appears in
the equation as an exponent, it is very inportant to make intelligent
selections for each of the Ada Process Model coupliance
characteristics.

I F-I
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Assessing Cmoliance with the Ada Process Mode!

Table F-i describes the characteristics which determine the extent
of compliance with the Ada Process Model (APM.

TABLE F-i

CARAC1a ISf THAT EE330CM ED OF aHPLTMX W= ARK

WE IGHTI IG
VARIABLE CHARACTERISTIC RATING SCALE

1 0.00 0.01 0.02 0.03 0.04 0.05

bI Experience with Ada Process Model Greatest Greater General Some Little No

Experience Experience Experience Experience Experience Experience

b2  Design at POE, Unit Package Spec Compiled, 100 % 90 1 75 % 60 % 40 1 '= 20 1

Body Outlined Completed Completed Completed Completed Completed Completed

b3  Risks Eliminated by PON 100 % 901 751 60 % 40 % 20 %

Eliminated Eliminated Eliminated Eliminated Eliminated Eliminated

b, Requirements Volatility During Oevelopment Me Small Frequent Occasional Frequent Many

Changes Won-Critical Won-Criticat Moderate Moderate Large

The sum of the individual ratings, b, is used in the exponent portion
of the nominal effort equation (1). Tables F-2, F-3, and F-4 are
provided to aid in this selection process for determining Design
Thoroughness at PER, Risk Elimination by PER, ard Requrents
Volatility. To select the appropriate Ada Process odel compliance
ratir, one averages the rates of the respective support criteria.

F-2
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Ada Instruction Counting Rules

In order to complete the nominal effort estimate it is necessary i
to determine the number of Ada instructions present in the software
development effort. The follcing criteria are used to determine what
an Ada instruction is:

1) Delivered Source Instructions =
Number of Carriage Returns in Package Specs

+ Number of Semicolons in Package Bodies

2) Ccmuents are not counted

3) Reuse and multiply-used packages are counted as follows:

a) Unmodified utility software is not counted
b) Count each invocation statement ( e.g., WIH, USE )
c) Use the Reuse Model to count packages invoked:

EDSI = (ADSI) [0.4 (EM) + 0.3 (CM) + 0.3 (IM)] / 100

EDSI = Equivalent new DSI
ADSI = Adapted or reused instructions
EH = % of adapted software design modified
CM = % of adapted code modified
IM = % of adapted software's original integration i

required in new context.

II. Adjust Nominal Effort I
Once a nominal effort estimate (MMn) has been generated, it is

adjusted by applying effort multipliers determined from the project's i
ratings with respect to 18 cost driver attributes. The product of all
18 cost driver attributes, EM, and the nominal effort estimate, MTnm,i
yield man-months for development. I

18
!M = M4nan * ir (EK) (2)i--l I

Rate Software Development Effort Multipliers

The numerical values of the effort multipliers (EM) are listed in
Table F-5. The corresponding rating scale is summarized for each
effort multiplier:

F
F-6i

I



I
I

1) Required Software Reliability (RELY):

VL = Error effect, slight inconvenience I
L = Low, easily recoverable losses
NCtM = Moderate, recoverable losses
H = High financial loss
VH = Risk to human life

2) Data Base Size (IM1A):

L = DB bytes/program DSI < 10
NCM = 10 <= D/P < 100
H = 100 <= D/P < 1,000
VH = D/P >= 1,000

3) Software Product Complexity (CPI_).

See Table 8-4 in Software Engineering Economics,
page 122.

4) Required reusability (I0E). Ratings are assigned according to the
extent that the developer must design, document, and test reusable Ada
components: I

NOM = Ada components not for reuse elsewhere
H = Reuse within single-mission products
VH = Reuse across single product line
EH = Reused in any application

5) Execution time constraint (TIME): m

NCM = <= 50 % use of available execution time
H = 70 % useVH = 85 % use

EH = 95 % use

6) Main storage constraint (S'IR): l

NCM = <= 50 % use of available execution time
H = 70 %use
VH = 85 %use
EH = 95 % use

7) Virtual machine volatility for host coqputer (VWI). Ratings are
defined in terms of the relative frequency of major changes and minor
changes to the underlying virtual machine where

0 A major change significantly affects roughly 10 % of
routines under development.

F-8
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o A minor change significantly affects roughly 1 % of
routines under development.

Ratings are assigned as follows:

I L = Major: 12 months; Minor: 1 month
NCt = Major: 6 months; Minor: 2 weeks
H = Major: 2 months; Minor: 1 week
VH = Major: 2 weeks; Minor: 2 days

8) Virtual machine volatility for target computer (VIW). The same
definition for host effects applies to target effects.

Ratings are assigned as follows:

L = Major: 12 months; Minor: 1 month
N(4 = Major: 6 months; Minor: 2 weeks
H = Major: 2 months; Minor: 1 week
VH = Major: 2 weeks; Minor: 2 days

9) Computer turnaround time ('IUR. Ratings are defined in terms of
average response time in hours (from the time the developer submits a
job to be run until the results are back in the developer's hands):

VL = Interactive, 1 teminal/person, full lifecycle
support

L = Interactive, 0.3 terminals/person, focused on code,
test support

NOM = < 4 hours turnaround timeII
H = 4 - 12 hours turnaround time
VH = > 12 hours turnaround time

I 10) Analyst capability (ACAP):

VL = 15th percentile team
L = 35th percentile team
NCM = 65th percentile team
H = 75th percentile team
VH = 90th percentile team

11) Programmer capability (PCAP):

I VL = 15th percentile team
L = 35th percentile team
NCM = 65th percentile team
S = 75th percentile team
VH = 90th percentile team

I F-9
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12) Applications experience (AEXP):

VL = <= 4 months average experience
L = 1 year average experience.
NOM = 3 years average experience
H = 6 years average experience
VH = >= 12 years average experience

13) Virtual machine experience (VXP) :

VL = -1 month average experience
L = 4 months average experience
NK = 1 year average experience
H >= 3 years average experience

14) Programing language experience (LXP). Duration of experience of
the project team developing the software module with the programing
language to be used:

VL = <= 1 month average experience
L = 4 months average experience
NCM = 1 year average experience
H = 3 years average experience
VH = >= 6 years average experience

15) Use of modern programing developing practices (MDDP):

VL = No use MODPs
L = Beginning use
MOM = Some use
H =General use
VH = Routine use

16) Use of software tools (TOOL). Ratings are assigned according to
the degree to which software tools are used in developing the software

VL = Very few, primitive tools
L = Basic micro tools
NOM = Basic mini tools
H = Basic maxi tools
VH = Extensive tools, little integration

ER =Mderately integrated environment (UNIX); strong
target tool support I

XXH = Fully integrated environment; rating not acheived
by any support environment to date, rating can be
dropped for near term; strong target tool support

FI1
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17) Required development schedule

VL = 75 % of ncmal schedule
L =85%
NOM = 100 %
H = 130%
VH = 160

18) Classified security application (SEI). Ratings are assigned
accourding to security and privacy restrictions:

NOM = Unclassified
H = Classified (Secret, Top Secret)

Interpolation of ACAP. PrAP. and MODP Effort Multipliers

Same of the effort multipliers are affected by the extent of Ada
Process Model compliance: ACAP, PCAP, and MDDP. To determine what the
value of these modified effort multipliers should be, one must
interpolate between numerical values for the full and non-use cases of
Ada Process Model compliance. The ratio, b / 0.16, provides a measure
to determine the distance between the value for the effort multiplier
for Ada COCOM and standard C . In the following example (Exhibit
F-2), 0.08 is the value used for b, ACAP is set to low, PCAP to very
low, and MDP to nominal. The effect of the interpolation of these
effort multipliers is to extend their range.

TI VE F-6

ADA COaMD b FACIM: INERRL=CT EFFB 'Sl [BOEHB8A]

For Effort Multipliers (ms) ACAP, ECAP, and MDDP

new = EKfull + b/0.16 ( E1non - E7full)

I __TER ___ VERY

VR LWLW NONAL HIGH

ACAP 1.57 - 1.29 - 1.00 - 0.80 - 0.61 -
1.46 1.19 1.00 0.86 0.71

PCAP 1.30 - 1.12 - 1.00 - 0.89 - 0.80 -
1.42 1.17 1.00 0.86 0.70

MVDP 1.24 - 1.10 - 0.98 - 0.86 - 0.78 -

1.24 1.10 1.00 0.91 0.82

* F-Il
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ACAPneW = 1.29 + 0.08 / 0.16 ( 1.19 - 1.29 ) = 1.24

PCAPne w = 1.30 + 0.08 / 0.16 ( 1.42 - 1.30 ) = 1.36

MODPne w = 0.98 + 0.08 / 0.16 ( 1.00 - 0.98 ) = 0.99

Apply Effort Multiplier

Once, the interpolation has been performed, the product of the 18
EMs and the ncminal effort estimate, IN,., are used to adjust nominal
effort (2). Once the adjusted affort is known (", the developmnt
schedule can be estimated. The following equation is employed to
copute the development schedule estimate:

Tdev = 3.0 (MM) 0.32 + (0.2 * b)

where

Tdev = Time in months fron Software Requirements
Review (SRR) to Software acceptance test (FQT)

III. Sample Problem

Let us run through an example, using one of the projects targeted
in the test case study, Project 6. We start with the selections for
extent of compliance with the Ada Process Model. The characteristic
being evaluated, its rating and associated numerical value are provided
in Table F-7.

i
rI7BLE F-7

ADA PROCESS NVIEL CHARZACIRiSTICS FUR SAMPIE HP)B4

CUAPACrERIS~IC R-ATfl VAUJE

Experience with the APM Some experience 0.03

Design thoroughness by PCR 60 % eliminated 0.03

Risks Eliminated by PUR 90 % eliminated 0.01

Requirements Volatility Frequent moderate 0.04 U
During Development changes

I
i I I Ili I I ~ Fi-l2
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The values of the ratings are smmed:

i b = 0.03 + 0.03 + 0.01 + 0.04 = 0.11

There were 24 K delivered source instructions (ESI), so a naninal
effort estimate may be ccamted as follows:

i nm = 2.8 (KFDSI) 1.04 + b = 2.8 (24) 1.15 = 108.24

Since b = 0.11 represents partial ccupliance with the Ada Process
Model, we interpolate to arrive at new effort multipliers for ACAP,
PCAP, and MDDP as below ( and in Exhibit F-4):

ACAPJew = 0.80 + 0.11 / 0.16 ( 0.86 - 0.80 ) 0.84125

PCAPnew = 0.89 + 0.11 / 0.16 ( 0.86 - 0.89 ) = 0.869375

MODPne w = 0.98 + 0.11 / 0.16 ( 1.00 - 0.98 ) = 0.99375

Ti BE F-8

INTRPON ) D VAUJES FUR SAMPIE P

i Effort COCOMD Value Interpolated
Multiplier Rating Standard Ada b Value

ACAP H 0.86 0.80 0.11 0.84125

PCAP H 0.86 0.89 0.11 0.869375

I MOWI NCM 1.00 0.98 0.11 0.99375

I
Values for the effort multipliers are as follows:

RELY Value DIA Value CPIX Value I&E Value
H 1.07 NO]M 1.00 H 1.08 H 1.10

TIME Value SX1 Value WE Value VKW Value
H 1.11 NCM 1.00 NCM 1.00 L 0.93

TURN Value ACAP Value PCAP Value AEXP Value

VL 0.79 H 0.84125 H 0.869375 H 0.91

F-13
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VEWP Value IM Value MP Value VOL Value
VL 1.21 VL 1.26 NCM 0.99375 NCM 1.00

SC Value SBCJ Value
NOl 1.00 Nam 1.0

The man-months for development, M, can now be ccmputed using the
effort equation:

18
N==M Mnm * T (E)

i--l i

Substituting, MK is calculated:

M = 108.24 * 1.045 = 113.14

With man-months for development, M, we can now generate the schedule
estimate using the following relationship:

Tdev = 3.0 (113.14) 0.32 + (0.2 * b)
= 3.0 (113.14) 0.342 = 15.12

So, for this project, effort multipliers extended the man-months
for development from the nominal estimate of 108.24 to 113.14 man-
months. The development schedule estimate was computed to be 15.12
months.

I
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Project Quimaire

This project questionnaire contains the data item that are
required to run the following software cost and schedule estimating
models:

o Ada IXCICM 0 PRICE S
o Softcost-Ada 0 ESTIMACS
O SYSIEM-3 o SPQR/20

S," SASET

An abbreviated version of this form was used to collect information on
six of the nine projects targeted in the test case study. The form is3 modular and is divided into the followig eight sections:

1. General Information

2. Project Description

3. Development Methodology

4. Software Size

5. Project Staffing

6. Computer System

1 7. Developnent Envirorm-ent

8. Resource Allocation.

I
I
i
i
i
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PROJECT QUESTIONNAIRE

GENERAL INFORMATION

Please complete this form to the best of your ability for your
project. If the question is not applicable, please mark it N/A.
If you don't know the answer, leave it blank. Mark each page
containing confidential or proprietary data "CONFIDENTIAL" on
both its top and bottom in bold letters.

1. Your name: Date:

2. Title: Phone: ( -

3. Firm or organization:

Address:

4. Name of project:__

5. Contract number:

6. Customer name: I

7. Project overview description:

I

8. Developer contact: Phone: ( ) -

9. Customer contact: Phone:

10. Current status: i

-I2
U
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I PROJECT QUESTIONNAIRE

I PROJECT DESCRIPTION

* 1. system/Software Characteristics

a. Application Type (check all that apply):

I [ ] Prototype to be discarded later
[ ] Prototype to be built into delivered program
[ ] Complete stand-alone program
[ ] Component within a system
[ ] Reusable component for multiple programs
[ ] Release with new features
[ ] Release with defect repairs
[ ] System with multiple components

* b. Project Class (check all that apply):

[ ] Used at single location [ ] Military contract
[ ] Used at multiple locations [ ] Government contract

Sold as retail product [ ] Commercial contract
[ 3 For public domain [ ] Leased to users
[ 3 Bundled with hardware [ ] For personal use
[ 3 Developed in an Academic EnvironmentUsed remotely via time-sharing

Using military specifications

c. Applications domain (check all that are applicable):

Automation [ 3 Data Processing
Business [ Environments/ToolsI[

[ ] Command & Control [ ] Production Control
[ 3 Communications [ ] Support Software
[ 3 Signal Processing [ 3 Process Control
[ 3 Test Systems [ 3 Scientific
[ ] Trainers [ 3 Robotics/Mechanical
[ ] Avionics ] ] Unmanned FlightU ] Interface Systems [ ] Manned Flight
[ 3 Graphics, image processing
[ ] Other

d. Software Interface Complexity: How many software systems
and peripheral communications equipment does this software

* system interface with?

G
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PROJECT QUESTIONNAIRE i
PROJECT DESCRIPTION, cont'd.

e. Rate the difficulty of processing logic:

[ ] Simple processing logic, straight-forward I/O
[ ] Difficult highly nested logic, real-time processing
[ ] Routine nesting, minimal interface with Operating

system, standard I/O
Complex dynamic resource allocation, multiple
exception handlers, recursion

f. Product Structural Complexity

Nonprocedural
[ ] Well structured reusable modules
[ ] Small modules and simple paths
[ ] Complex modules and paths
[ ] Large modules and complex paths n

g. Mathematical Complexity

[ ] Simple algorithms and simple calculations
[ ] Majority of simple algorithms and calculations
[ ] Algorithms and calculations of average complexity
[ I Some difficult or complex calculations
[ ] Many difficult algorithms and complex calculations

h. Degree of Real-Time

[ ] No tasking; essentially batch response
[ ] Interactive with limited Ada tasking
[ ] Interrupt driven with tasking in milliseconds

Concurrent tasking with rendezvous in milliseconds[ ] Concurrent tasking with rendezvous in nanoseconds

i. List the percent of total source code allocated to each of I
the following operational timing requirements:

Real-Time % On-line %
Time-Constrained % Non-Time-Critical %u

j. Select the percent of source code with real-time
considerations:

[ ] 0% [ ] 25% 5 350% [3100%

2. Database Characteristics

a. Number of physical data files:__

G-4
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I PROJECT QUESTIONNAIRE

PROJECT DESCRIPTION, cont'd.

b. Database Complexity

[ ] Simple data, few variables, low complexity
[ ] Simple, numerous variables

Multiple files, fields data interactions
Complex file structure

3 Highly complex

3 3. Reliability

a. Effect of a software failure

i ] Inconvenience [ 3 Moderate loss
[ 3 Easily-recoverable loss ( Major financial loss
[ 3 Loss of human life

b. Backup/Recovery Considerations

[ ] Data protection beyond regular backup required
[ ] Alternative methods need to be developed in case

of software failure
No special backup requirements

i 4. User Interface

i a. Display Requirements

[ ] Simple I/O
[ ] User-friendly, menu driven
[ ] Pressure sensitive devices (touch screen, joystick)
[ 3 Graphics oriented

3 5. Software Testability

[ ] Very difficult [ ] Time insensitive3 [1 ]Difficult 3 Easy

6. Is this the first system of its kind?

3 (3 ]Yes [ No

i
i
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PROJECT QUESTIONNAIRE

PROJECT DESCRIPTION, cont'd.

7. Reused Code

a. Logical Complexity of Reused Code:

[ J Simple algorithms an dsimple calculations
Majority of simple algorithms and calculations
Algorithms and calculations of average complexity

J ] Some difficult or complex calculations
C ] Many difficult algorithms and complex calculations

b. Structural Complexity of Reused Code:

[ ] Nonporcedural (generated, query, spreadsheets, etc.) I
[ 3 Well structured with reusable modules
( 3 Well structured (small modules and simple paths)

Fair structure but some complex paths and modules
[ 3 Poor structure with many complex paths and modules

c. Database Complexity

[ ] Simple data with few variables and little complexity
[ 3 Several data elements byt simple data relationships
[ 3 Multiple files, switches, and data interactions
[ 3 Complex data elements and domplex data interactins
[ 3 Very complex data elements and data interactions

d. Select the intended use of the majority of the software
packaged for reuse:

None I
[ ] Reuse within single mission products
( ] Reuse across single product line
[ ] Reuse in any application

8. General

a. Scope of Support

[ 3 No support to non-software organizatoins
[ 3 Liaison support to non-software organizations I
[ 3 Extensive support to system test organizations
[ ] Extensive support to system entineering and test

organizations. CSSR/CSCSC reporting requirements.

G-I



PROJECT QUESTIONNAIRE I
DEVELOPMENT METHODOLOGY

1.Milestones

Enter the expected and actual dates for each milestone below,
or N/A if the milestone does not apply to this project. If an
expected date is an estimated date rather than a contract
date, put an asterisk after that date. E

Expected ActualI
Milestone Date Date

Project Start Date /..J
System Requirements Review (SRR) / I
Software Specification Review (SSR) / L./
System Design Review (SDR)
System Hardware Preliminary Design Review /
System Software Preliminary Design Review L I
System Software Critical Design Review L.L.
Test Readiness Review (TRR)
Functional Configuration Audit (FCA) / / I
Physical Configuration Audit (PCA)
Formal Qualification Review (FQR) /L
Operational Test and Evaluation (OTE)
Project Completion Date

2. Schedule i
a. Select the schedule and staffing constraints which best

describe this development: I
Normal average schedule, effort, and quality

S Shortest development schedule, extra staffing
( ] Lowest cost with reduced staffing
( ] Highest quality and reliability
( ] Shortest schedule with high quality and reliability
[ ] Match staff size, with normal development
L Match staff size, with shortest schedule
[ ] Match staff size, with very high quality

b. Schedule Aggressiveness (as % of nominal effort; i.e., if
schedule is extremely curtailed, aggressiveness would be
greater than 160%)

[ 1 75%
[ ] 100% (normal development schedule)
[ 3 130%
[ ] greater than 160%

G
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U PROJECT QUESTIONNAIRE

DEVELOPMENT METHODOLOGY

3. Development Standards

a. Check all types of standard used in this development:

i ] Commercial [ ] IEEE [ ] Military
[ ] Other [ ] None

b. List the name(s) of these standard(s):

c. Were these standards tailored specifically for use on this

* effort?

[ ] Yes [] No

d. Do you have a set of database standards and administrative
procedures that were used in this development?

[ Yes [] No

4. Development paradigm employed (check all that apply):

I] Waterfall development [ Incremental development
[ ] Phased builds Spiral development
[5 j Rapid Prototyping [ J Pilot development

[] Other ________________________

5. software Revit--ws

a. Select all informal reviews held on the software during
this development:

Design walkthroughs
Design inspections

I ] Code walkthroughs
Code inspections

[ ] Other

b. Select all management reviews held on the software for this
project:

3 Monthly project reviews
3 Weekly status reviews3 Other:

* G-9
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PROJECT QUESTIONNAIRE I
DEVELOPMENT METHODOLOGY, cont' d.

6. Documentation Requirements

a. Number of documents required:

b. Total number of pages of all documents: _

c. Select any of the following tools used:

[ ] Design document generator
[ ] Graphics generator
[ ] Text automation
[ ] Other ____

d. Documentation is primarily written by:

[ ] Professional writers [ ] Programmers i
[ ] Other

7. System/Software Requirements

a. Select the option which corresponds to the level of
definition and understanding of system requirements: 3

Very little definition and understanding of system
requirements

[ 3 Questionable definition and understanding of system
requirements

[ ] Fairly complete definition and understanding of
system requirements

[ ] Very complete definition and understanding of
system requirements

b. How will overall technology changes impact the project? i
[ ] During the development, the requirements will change

more than once to upgrade the system, due to
significant improvements in technology

[ ] During the development, there will be at least on
(but less than three) significant modifications to
the system due to technology upgrades

[ 3 During the development there will be some minor
modifications due to technology upgrades

3 ] There will be no changes to the system or
requirements during the development effort

I
G- 10i
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I PROJECT QUESTIONNAIRE

DEVELOPMENT METHODOLOGY, cont'd.

c. Rate requirements volatility during development:

[ ] No changes
[ ] Small non-critical changes
[ ] Frequent non-critical changes
[ 3 Occasional moderate changes

Frequent moderate changes
, ] Many large changes

8. Design

a. Rate the maturity of the design concepts used:

[ ] Experimental [ ] Evolutionary
[ 3 State-of-the-art ] ] Mature

b. Select any of the following design technologies,
strategies, and tools used:

[ 3 Applications Generator [ 3 Object-oriented methods
CASE tools [ 3 Structured analysis
Relational database [ 3 Query Language (SQL)I r 4GL or 5GL [ ] Reuse libraries

[ 3 Exception handling [ 3 Front loaded scheduling
[ 3 Management toolset [ 3 Cost and schedule models
[ ] Database management system
[ 3 Small up-front design teams

Continuous integration via package specifications
3 Ada PDL

[ 3 Other PDL -- ___ _

c. Select the percentage of package specifications compiled
successfully at PDR:

S20% [ ] 40% [ ] 60% (]75% [390% 100%

d. Select the percentage of risks eliminated by PDR:

[]20% [340% [360% []75% []90% 100%

G-11
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PROJECT QUESTIONNAIRE I
DEVELOPMENT METHODOLOGY, cont' d.

9. Integration

a. Rate the expected level of difficulty of integrating and
testing the components to the CSCI level:

N ] o internal integration.
[ ] Very little integration, no complex interfaces.
[ ] Average degree of CSCI integration and

interface complexity. I
[ ] Several CSCI interfaces with some complex

interfaces.
[ ] Complex, time-intensive CSCI integration process

anticipated.

b. Rate the expected level of difficulty of integrating and
testing the CSCIs to the system level:

[ ] Very little integration, no complex interfaces.
[ ] Average degree of system integration and interface

complexity.
[ ] Several system interfaces with some complex

interfaces.
[ ] Complex, time-intensive system integration process

anticipated.

10. Commercial off-the-shelf Software (COTS) I
a. Select the option which best describes the expected impact

of integrating commercial off-the-shelf software into the I
system:

[ ] There will be many impacts on the design/development
effort to ensure that the vendor supplied COTS I
software will interface correctly with the developed
operational software.

[ ] There will be some impacts on the design/development
effort to ensure that the vendor supplied COTS
software will interface correctly with the developed
operational software.I

[ ] There will be few impacts created by the COTS software
packages to support the operating environment of the
applications software.

[ ] There will be no impacts caused by the purchased
software as the purchased software only performs an
operating environment support function (i,e.,
operating system).

G-12
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I PROJECT QUESTIONNAIRE

I DEVELOPMENT METHODOLOGY, cont'd.

11. Use of Software Tools

S] Basic Ada language tools ] MAPSE
[ ] Full, life cycle APSE [ ] APSE

I

I
I
I

!,I

I
I
I
I
I
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PROJECT QUESTIONNAIRE I
SOFTWARE SIZE

1. Size Estimates

a. Number of major software subsystems/programs: I
b. Select the basis for size estimates:

[ J KSLOCs [ 3 Carriage returns
[ ] Function Points [ ] Semicolons
[3Other:___________________

c. Enter the requested sizing information below, in thousands
of lines of source code (KSLOCs).

Deliverable Size Lanquaqe
ProQram New Reused Modified I

I
d. Reused Design: %W

e. Amount of software packaged to be reused: I

I
I
I
I

G-14I
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I PROJECT QUESTIONNAIRE

SOFTWARE SIZE

l 2. Source Code Mix

a. CSCI Source Code Mix

I Source Code Type % Code % New Design % New Code

Operating Systems ............
Interactive Operations .......
Real-Time Command & Control..
On-Line Communications .......
Data Storage & Retrieval.....
String Manipulation ..........
Mathematical Operations......
Other ........................
Other ........................

l b. Statement Types

Logical % Command %
Data Typing % Declaration %
Ada Tasking % Invocation %
Mathematical % Data Manipulation 0

3. Function Points

If the system was sized using function points, please provide
the following information:

a. Number of inputs (unique major data types that enter the
system):__

I b. Number of outputs (unique logical major report formats the
system will generate):

i c. Number of inquiries (types of queries that result in

informational searches and responses):

d. Number of external interfaces:

e. Number of internal files (unique logical files/databases
l used by the application):

4. Database Size

I a. Database size, as a percentage of total program size:

G-15
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PROJECT QUESTIONNAIRE n

PROJECT STAFFING

1. Staff Size/Availability

a. Total staff: (staff-months effort end-to-end)

b. Minimum staff size:_ _

c. Maximum staff size:

d. Staff Availability: %
(If all project personnel are full-time, enter 100%.)

2. Staff Skill/Experience

a. Skill Level of Manager

C ] Bottom 15% [ ] 35% [)55% [ ] 75% [ ] Top90%

b. Skill Level of Analysts

C ] Bottom 15% [ ] 35% 55% [ ] 75% [ ] Top 90%

c. Skill Level of Programmers

[ ] Bottom 15% C ] 35% []55% [ ] 75% C ] Top 90%

d. Analysts' experience with similar applications: years
months

e. Select the option below that best describes the experience I
of the staff on this project:

[ ] All experts in the type of program being developed
[ ] Majority of experts but some new hires or novices
[ ] Even mixture of experts and new hires or novices
[ Majority of new hires or novices with few experts

[ ] All personnel are new to this kind of program

f. Programmers' experience with this host machine:
years months

g. Host Machine Expertise:

[ ] Completely new hosting hardware system i
[ ] Mostly new hosting hardware system
[ ] Most of the hardware system has been utilized by

members of the development team before I
G-16
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I PROJECT QUESTIONNAIRE

PROJECT STAFFING, cont'd.

h. Software Language and Operating System Expertise:

S[ ] Completely new hosting hardware system
[ ] Mostly new hosting hardware system
[ ] Most of the hardware system has been utilized by

the company before
[ ] Extensive experience with hardware system

i. Analysts' experience with chosen development Methodology:
____years month-

j. Analysts' experience with the Ada language: years
months

k. Number of Ada Projects Completed by Team Members:

I 1. Analysts' experience with Ada Process Model:

[ ] No familiarity with practices
ILittle familiarity with practice
[ ] Some familiarity with practices

General familiarity with practices
[ SuGeral fa mirity w critical ect

[ ] Successful on 1 mission critical projectI[ ] Successful on at least 1 mission critical project

m. Analysts' experience with Modern Programming Development
Practices (MODP)

[ No Use
[ Beginning

Reasonably Experienced in some MODP
[ ] Reasonably Experienced in most MODP
[ ]Routine Use of all MODP

n. Programmers' Ada Environment Experience

I [3 ]Less than 3 months of experience
[ ] Between 3 - 6 months of experience
[ ] Between 6 - 12 months of experienceI 3 Over 1 year of experience

I
U
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PROJECT QUESTIONNAIRE I
PROJECT STAFFING, cont'd.

o. Company's experience developing this type of application
[ ] This application is a new project not in our

current line of business
[ ) This application is a normal development project

that is part of our current line of business
[ ] This application is a familiar type of project

having already been developed by the company before
or similar to other projects we have developed

[, J Many applications of this type have been developed
by the company (greater than 7) I

3. General

a. Staffing will be done by I

I ]Developer
Developer and user I

b. Enter the average work week for the staff on this project:
hours

c. Enter the normal work year within your company: _ days

4. Teamwork Capability I

a. Select the option which best represents the project
analysts' performance as a team: I
[ ] Non-Functional Team
[ ] Functional but not very effective
£ ] Functional and Effective
[ 3 Extraordinary
[ ] Near Perfect Functioning

b. Select the option which best represents how well the
programmers working on the project will perform as a team:

[ 3 Non-Functional Team
[ ] Functional but not very effective

[ Functional and Effective
[ 3 Extraordinary
[ ] Near Perfect Functioning

c. Select the type of team used for software development I
[ ] Design teams [ 3 Programming teams
[ ] Interdisciplinary teams [ ] Participatory teams I

G-18
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U PROJECT QUESTIONNAIRE

COMPUTER SYSTEM

1. Development Environment

a. Configuration

[ ] PC based
Mainframe(s) with ASCII terminals

[ ] Mainframe(s) with smart terminals

[ 3 Mainframe(s) with PC workstations
[ ] Mainframe(s) with minus networked to workstations
[ ] Mainframe(s) as part of networked homogeneous

environment
Mainframe'>' as part of networked heterogeneous
environme-

[ 3 Other:

U b. Number of different types of workstation: (0 to 100)

c. Rate the virtual machine volatility of the development
system, based on frequency of major/minor changes:

12 months (major)/l month (minor)
6 months/2 weeks

[ 3 2 months/l week
[ 3 2 weeks/2 days

I d. Select the following option that best assesses the embedded
features of the development system:

U [ 3 Hardware is to be developed, but its completion
will occur long before the software is to be ready

[ 3 Hardware is to be developed on the contract, it is
to be developed concurrently with the software and
the hardware can/does have major impacts on the
software

[ ] Hardware is to be developed on the contract, it is
to be developed concurrently with the software but
the hardware has little impact on the software

[ 3 No new hardware is to be developed under the
effort; there will be no impact on the software
development

I
I
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PROJECT QUESTIONNAIRE I
COMPUTER SYSTE

e. Rate the software tool/environment stability of the
development system:

[ ] Buggy compiler. APSE change every 2 weeks.
[ ] Stable but incapable compiler. APSE change every

month. New tool rate 1 per week. i
[ ] Stable compiler. APSE change every 3 months. New

tool rate 1 per quarter.
[ ] Stable compiler. APSE change every 4 months. New i

tool rate 1 per month.
[ ] Stable compiler capable of tasking. APSE change

every 6 months. New tool rate 1 per quarter.
[ ] Stable and fully capable compiler. APSE change

every 6 months. New tool rate 1 per 6 months.

2. Target Computer Configuration (Complete this section only if i
the development system differs from the target.)

a. Rate the virtual machine volatility of the target system, I
based on number of major/minor changes:

[ 3 12 months (major)/l month (minor)
[ ] 6 months/2 weeks
[ ] 2 months/i week
[ ] 2 weeks/2 days

b. Identify the system architecture:

[ ] Centralized (single processor)
[ ] Tightly-coupled (multiple processor) i
[ 3 Loosely-coupled (multiple processor)
[ ] Functional processors communicating via a bus

Distributed (centralized database)
[ ] Distributed (distributed database)

c. Rehosting Impact (effort to convert from host to target
system)

[ ] None
[ ] Minor language and/or system change I
[ ] Major language or system change
[ ] Major language and system change

I
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PROJECT QUESTIONNAIRE

COMPUTER SYSTEM, cont'd.

3 3. Performance Requirements

a. Main Storage Constraint. Main storage refers to direct
random access storage such as core, integrated-circuit, or
plated-wire storage; it excludes such devices as drums,
disks, tapes, or bubble storage. Select the percentage
which best reflects the percentage of main storage expected
,to be used by the subsystem and any other subsystems
consuming the main storage resources.

[ ] at most 50%
3 ]70% [ ] 85% [ 95%

b. Overall Hardware Constraints. Overall hardware refers to
processor memory, speed, and throughput

[ ] Close to 100% utilization
[ Difficult hardware capacity limitations (75% to

90%)
[ ] Average hardware capacity limitations (60% to 75%)

No hardware capacity limiLations (60% to 75%)

c. Execution Time Constraints. Select the percentage which
best reflects the percentage of available execution time
expected to be used by the subsystem and any other
subsystems consuming the execution time resource.

[ ] at most 50%
[3 70% [ ] 85% 3 95%

d. Interactive Response Time

[ ] subsecond
[ ] 1-5 seconds
[ 3 5-10 secondsgreater than 10 secondsResponse time is not a factor

3 4. Microprocessor Code

a. Percentage of software functions that are to be implemented3in firmware: _

3 G-21
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PROJECT QUESTIONNAIRE

DEVELOPMENT ENVIRONMENT

1. Project Organization

a. Check all of the company organizations supported by the
software organization

[ J Systems engineering [ ) User department
[ ] Marketing [ 3 Software development
( 3 Program management C ] Software test
[ 3 Configuration management [ 3 Quality assurance
[ 3 Data management [ 3 Independent V&V
[ 3 Database administration
[ 3 Other

b. Number of organizations within the company significantly
involved during the software development:

c. Organizational Interface Complexity

[ 3 Single customer, single interface
[ 3 Single customer collocated with developer

Multiple internal interface single external
interface

[ 3 Multiple internal and external interfaces
[ ] Multiple interfaces geographically distributed

d. Multiple site development

Single site and single organization
[ ] Single site and multiple organizations
[ ] Multiple sites, same general location
[ 3 Multiple sites, located 50 miles or more apart

e. Total size (in 100s) of all involved organizations, not
just project personnel, involved in the project:

f. Number of locations at which software is developed (from 1
to 100):

g. Number of company locations that must be travelled to for
project work:_ _

h. Number of customer locations:
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m PROJECT QUESTIONNAIRE

DEVELOPMENT ENVIRONMENT

i. Select the commuting rate that characterizes the overall
commuting rate of project personnel:

[ ] Normal (less than 1 hour each way)
m ] Significant (more than 1 hour each way)

Physical relocation of project team for part of the
work

m j. Number of physical personnel moves required between

locations or departments:

* 2. Computer Resources

a. Select the percentage of time that the development computer
m is available for use on this project:

C ] 10% [ ] 40% [ ] 70% [ ] 100% (fully dedicated)

b. Computer terminal allocation to development team:

S1 terminal/person
1 terminal/2 persons

[ ] 1 terminal/> 2 persons

c. Select the average time required to log on, edit, compile,
link, execute, and receive a hardcopy

[3 <4hours 4-12hours [ > 12 hours

3. Office Facilities

a. Software Development Office Facilities

[ 3 Individual Offices
m 3 2-person offices
[ 3 Multi-employee offices
[ ] Open/no private offices
m ] Cramped

b. Security Requirements

m 3 UnclassifiedS] 3Uncldssified/Secure
[ 3 Classified

m [3 ]Classified/physically Secure
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PROJECT QUESTIONNAIRE I
DEVELOPMENT ENVIRONMENT, cont 'd.

4. System User Profile

a. Does the user already perform the proposed function?

[ ] No C ] Yes, manually [ ] Yes, automated

b. User's experience with related applications:

[ ] Low [ ] Average [ ] High

c. How will the user's data processing knowledge impact the
project?

[ ] Help [ ] Hinder

i
I

I
I
I
I
I

I
I
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This appendix contains project descriptions of the eight projects

targeted in the test case study. The information is presented

according to the following outline:

I. Project Description
Application Type
Carplexity
Testing Required
Displays
Required Reliabi 1i+

II. Software Size

New

Reused
counting ConventionI other
New
Reused

% for Reuse

III. Development Process
Methodologies
Requirements
Tools Available
Standards Used

IV. Caomiter System
Type
Workstation Types
Hardware Developed in Parallel
Target vs. Host
Inter--ctive Response Time

I
I
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PJECT DEaIPTTON

APPLICATION TYPE: Command and Control

CHPMr: Same Difficult or Complex Calculations
Tasking and Generics Used

TESTING REWIRED: Normal Testinq by Developer 5
DISPIAYS: User-Frierdly

Menu Driven Displays

R1XVIRED RELIABILITY: Special Backup Considerations to Ensure noFailurei

SOFITARE 
SIZE

SLOC: 50,000 New Ada 3
COUNTING CONVENTION: Terminal Semicolons

% FOR REUSE: 10% Packaged for Reuse in any Other Application i
DEVELOPMENT PROCESS

METHODOLOGIES: Prototyping
Incremental Development
Object Oriented Design Plus Structured Analysis
Continuous Integration via Package Specs
Monthly Project Reviews

RxiIPEI'S: Fairly Ccmplete System Reqirements
Occasional Moderate Requirement Changes

TOOLS AVIIABLE: Basic Ada language Tools
Documentation Tools

STANDARDS USED: Commercial Standards i

i
i
I
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at.IFUrE SYSE

I TYPE: Distribited (Distributed Database)

m RI(ST0AION TYPES: 2

HARDARE DEVELOPED IN PARALLEL: No

TARGEt VS. HOST: Same Machine, No Ciange Required

flTERACTIVE RESPONSE TIME: 1-5 Seconds

* PROJECT STAFFING

RATI: 
aGERS - Above Average (75%)

ANALYSTS - Above Average (75%)3 ... G M - Above Average (75%)

TEAM OMPOSITION: Even Mixture of Experts and New Hires.
All Have Had Saine Backgrd in the Ada
language.

YEARS EXPERIENCE WITH MACHINE: 2 Years

YEARS EXPERIENCE WITH ADA: 1 Year

YEARS EXPERIENCE WITH METHODOLOGY: 1 Year

EXPERIENCE WITH MODP: Reasonably Experienced with Some

TYPE OF TEAMS USED: Participatory Teams

TYPE OF PROJECT FOR STAFF: Normal New Project

m --STAFF AVAIIABIITI:

DEVELOPMENT ENVIRNMENT

NUMBER OF SITES DEVEIOPMENT OCC =ID ON: 1

PERCENT OF COMPUTER RESJRCES AVAILABLE: 100% (Fully Dedicated)

RATIO OF TEMINAIS TO PERSONNEL: 1 Per Person

SECURITY REQUIREMENTS: Unclassified

m H-3
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P a= DESCRIPTION

APPLICATION TYPE: Ctarm and Control

COMPLEX'IY: Difficult Highly Nested Logic,
Real-Time Processing

TESTING REQUIRED: Normal

DISPLAYS: Interactive with Pointing Devices

REQUIRED RELIABILITY: None

SOFTiARE SIZE

ASOC: 35,000 New Ada

OIHER: 42,000 New Assembly
38,000 Reused Assembly

COUNTING CONVENTION: Terminal Semicolons

% FOR REUSE: 10% Package for Reuse in any other application

DEVEIPMENT PROCESS

METHODOLOGIES: Evolutionary Development
Object oriented Design with Structured Analysis
Design and Code Walkthroughs
Phased Builds

REJREMEUM: Fairly Ccmplete Understanding of Requirements
Many Major Changes

TOOLS AVAILABLE: Basic Ada Language Tools
Document and Design Tools

STANDARDS USED: MIL-STD 1679 483 188
MIi-STD 482 490
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C(4MFJrER SYSTEM

I TYPE: Distributed

WDRIATION TYPES: 1

HARDWARE DEVELOPED IN PARALLEL: Yes

TARGET VS. HOST: Major language or System Cane

INTERACTIVE RESPONSE TIME: 1-5 Seconds

U P~aTECT STAFFING

MANAGERS - Not Available

ANALYSTS - Average
PROGRAMERS - Average

TEAM COMPOSITION: Even Mixture of Experts and New Hires

YEARS EXPERIENCE WITH MACHINE: 12 Years

YEARS PERIENCE WITH ADA: 2 Years

YEARS EXPERIENCE WITH METHOIOGY: 0.5 Years

ERIENCE WITH MODP: Reasonably Experienced with Some

TYPE OF TEAMS USED: Functional Teams with Leader

TYPE OF PROJECT FOR STAFF: Normal New Development

STAFF AVAIIABILITY: 100%

DEVELOPMENT ENVIRONMTS

NUMBER OF SITES DEVELOPMENT OCCURRED ON: 3

PERCENT OF COMPUTER. RESOURCES AVAILABLE: 100%

RATIO OF TERMINALS TO PERSONNEL: 1

SECURITY RIE MENTS: Unclassified

Additional 20 Months Due to Having to Ciange Ada Copilers, Late
Compiler Deliveries, Late Target Computer Memory, Difficult
Integration
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PRO=EC DESCRIPT'ION3

APPLICATION TYPE: Environment/Tools
Pr uction Center, Contracted Software

cumPExY: Routine Nesting, Minimal Interface with Operating
System, Standard I/O

TESTING REQUIRED: Normal Testing by Developer i
DISPLAYS: Simple Inputs/Outputs

REQUIRED RELIABIIITY: None

SOFIWAE SIZE I
ASIOC: 13,600 New Ada

5040 Reused Ada

COUJTNG CONVERTION: Terminal Semicolons 3
% FOR REUSE: 10% to be packaged for reuse

DEVELOPMENT PROCESS

METHODOLOGIES: Object Oriented
Ada PDL
Bottom Up Development
Structured Analysis
Chief Programmer for Team Development Strategies
Code WalkthmIghs

RlIREV4NTS: Fairly Cmplete Definition and Urderstarding
System Requirements~I
Frequent Noncritical Changes

TOOLS AVAILABLE: Requirements Analysis
Design Documentation GenerationI

STANDARDS USED: MIL,-STD 1679

I
l
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,SYSPTE

I TYPE: Distributed

WORKSTATION TYPES: 1

HARDARE DEVELOPED IN PARALLEL: Yes

TARGET VS. HOST: None Required

INTERACTIV RESPONSE TIM: 1-5 Seconds

I 
MANAGERS - Not Available

ANALYSTS - Average
PRORAMER - Above Average

TEAM C POSITION: Team Ranged fran a Master's Experience in

Conputer Science plus 4 Years Job Experience

YEARS EXPERIENCE WITH MACHINE: 1 Year

YEARS EDPERIENCE WITH ADA: 2 Years

YEARS EXPERIENCE WITH METHODOLOGY: 0 Years

I E MIECE WITH MODP:

TYPE OF TEAMS USED: Programming Teans/Chief Programmer

TYPE OF PR0= FOR STAFF: Normal New Product

STAFF AVAIIABILITY: 70%

DEVELOPMENT ENVIRNMES

NUMBER OF SITES DEVELOPMENT OCCURRED ON: 1

PERCENT OF COMPUTER RESOXRCES AVAILABLE: 100%

RATIO OF TER4INAIS TO PERSONNEL: 1 Per Person

SECURITY REQUIRE72TIS: Unclassified

EXTRA: Three Month Hiatus

I
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PIOJECT DESCRIPTION

APPLICATION TYPE: Environmental/Tools Prototype
Production Center, Internally Developed

ccmPLXIY: Routine Nesting, Minimal Interface with Operating
System, Standard I/O

TESTING REQIRED: Normal Testing by Developer I
DISPLAYS: Simple Irputs/Otputs

REQUIRED RELIABILITY: None

SOFIWARE SIZE

ASLOC: 480,000 New Ada

COUNTING CONVENTION: Terminal Se-micolons I
% FOR REUSE: 10% Packaged for Reuse 3

DEVELOIPMENT PROCESS

METHODOLOGIES: Object Oriented Design
Rapid Prototyping
Independent Teams working in Parallel
Ada PDL
Incremental Development
Compilable Package Specs by PDR
** Very Familiar with Ada Design Practices

RQUIRE=M S: Fairly Complete Reqirements
Noncritical Requirement Changes

TOOTS AVAIIABLE: Document Generator I
APSE

STANDARDS USED: MIL-STD 1815 1
Not Much Documentation Required Since Prototype

I
I
I
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C)MPTE SYS'

I TYPE: Distributed

WOR1TATION TYPES: 1

HARDWARE DEVELOPED IN PARALlEL: No

TARGET VS. HOST: No Chane

INTERACTIVE RESPONSE TIME: 1-5 Seconds

PREC STAFFING

* RATING:

MANAGERS - 98% Top Notch
ANALYSTS - 98% Top Notch
PROGRAMMERS - 98% Top Notch

TEAM aXtMPOSITION: ** All Experts
Team CoTposed of Ada Experts

YEARS EXPERIENCE WITH MACHINE: 5 Years

YEARS EXPERIENCE WITH ADA: 5 Years

YEARS EXPERIENCE WITH METHODOLOGY: 5 Years

EXPERIENCE WITH MODP: Reasonably Experienced

3 TYPE OF TEAMS USED: Interdisciplinary Teams

TYPE OF PROECT FOR STAFF: Normal Project

i STAFF AVAILABILITY: 100%

DEVELOPMENT ENVI)ONMENS

NUMBER OF SITES DEVELOPMENT OCVJRRED ON: 1

PERCENT OF COMPUTER RESCJRCES AVAILABLE: 100%

RATIO OF TEF1ALS TO PERSONNEL: 1

I SECURITY REQUIREMENTS: Unclassified

I
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PWJECT DESCRIPTION

APPLICATION TYPE: Envirornent/Tools

CCMPEXlY: Difficult Highly Nested Logic, Real-Time Processing

TESTING REQUIRED: Normal Testing by Developer

DISPLAYS: User-Fcierdly, Menu Driven I
Graphics Oriented

RE IRED RELIABILITY: None i
OTHER:

SOFIWAR SIZE

ASLOC: 136,000 New Ada

COUNTING CONVENTION: Physical lines (includes blank linesand corments)

OTHER: None i

% FOR REUSE: 10%

DEVELOPMENT PROCESS

METDOLOGIES: Incremental Development
Phased Builds
Rapid Prototyping
Pilot Development
Small Up-front Design Teans
Object-Oriented Methods
Structured Analysis
Design and Code Walkthbrihs

JREQUIEK S: Questionable Definition and Understarding of
Systemn Requiremnents

Occasional Moderate Changes to Software
Requiremnts

TOOLS AVAILABLE: Basic Ada Language Tools
Design Documentation Generator
Graphics Generator

STANDARES USED: MIL STD 2167A

I
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i TYPE: Functional Processors Ccmmicating via a Bus

WORKSTATION TYPES: 3

HARDWARE DEVELOPED IN PARALLEL: No

TARGET VS. HOST: Major Language or System Ciange Requiredfor Rehosting

IN~TERACTIVE RESPONSE TIME: 1-5 SecxortIs

PRJECT STAFFM4G

* RATING:

MANAGE - Top 90%
ANALYSTS - Above Average
PROGRAMMERS - Above Average

TEAM OMPOSITION: Experience Ada Personnel

YEARS EXPERIENCE WITH MACHINE: 5 Years

YEARS EXPERIENCE WITH AIDA: 3 Years

YEARS XPERIENCE WITH MEfODOLOWGY: 3 Years

EXPERIENCE WITH MODP: Reasonably Experienced in Most

TYPE OF r S USED: Design, Prograinryr, Participatory'I Interdisciplinary Tears

TYPE OF PR3JECT FOR STAFF: Normal Project

STAFF AVAIIABILITY: 75%

3 DEVELO T ENVIONMENLTS

NUMBER OF SITES DEVELOPMENT OCOJRRFD ON: 1

PERCET OF COMPUTER RESOURCES AVAILABLE: 100%

RATIO OF TERMINALS TO PERSONNEL: 1 Terminal/Person

SECRITY REQUIREMENTS: Unclassified/Secure

MICROCDE: 50%
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PE 6

PRJE= DESa-UPION3

APPLICATIC* TYPE: Avionics (Guidance and Control)

COMPLEXTY: Difficult Highly Nested Logic, I
Real-time Processing

TESTING REQUIRED: Normal Testing by Developer

DISPLAYS: None

REQUIRED RELIABIITY: None I
SOFIVAP SIZE

ASLOC: 19,200 New Ada, 7,200 Reused

O(THER: 4800 New Assembly
600 Reused Assembly

COUNTING CONVENTION: Terminal Semicolons

% FOR REUSE: 10%

DEVELOPMENT PRCESS

MEHIODOLOGIES: Incremental Development
Phased Builds
Small-Up-Front Design Team
More Time Spent in Design, L Time in Code

Integration and Testing
Structured Analysis
Continuous Integration via Package Specs
Compilable Package Specs by PER

REQUIlEKWM: Fairly Complete Definition and Understanding of
System Rquirements

Many Major Changes Occurred with Software 3
Reuirements

TO0LS AVAILABLE: Basic Ada Language Tools
No Documentation or Design Tools Available

STANDARDS USED: MIL-STD 1679, 483, 490

I
H-_2 I

N



I
I

COMPFUER SYSTEM

I TYPE: Centralized (Single Processor)

WORKSTATION TYPES: 1

HARDWARE DEVELOPED IN PARALLEL: None

TARGET VS. HOST: Major Language or System Change Required for
Rehosting

IITERACTIVE RESPONSE TIME: Not Applicable

PROJECT STAFFING

* RATING:

MANAGERS - Top Percent (Excellent)
ANALYSTS - Above Average
PROGRAMMERS - Above Average

TEAM COMPOSITION: Experts and Some New Hires

YEARS EXPERIENCE WITH MACHINE: 0 Years

YEARS EXPERIENCE WITH ADA: 0 Years

YEARS EXPERIENCE WITH METHODOLOGY: 7 Years

IEXPERIENCE WITH MODP: Reasonably Experienced in Some MODP

TYPE OF TEAMS USED: Participatory Teams

TYPE OF PRO!ECT FOR STAFF: Norval New Project

SSTAFF AVAILABILITY: 100%

DEVELOPMENT ENVIRNMET'S

I NUMBER OF SITES DEVELOPMEN OCOJRRED ON: 1

PERCENT OF COM UrER RESOURCES AVAILABLE: 100%

RATIO OF TERMINALS TM PERSONNEL: 1 Per Person

SECJRITY REQUIREMENTS: Unclassified

I
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FniECT DESCRIPT'ION

APPLICATION TYPE: Camiard and Control

(XMPEXITY: Difficult Highly Nested Logic i
Real-Time Processing

TESTING REQUIRED: Normal Testing by Developer 3
DISPLAYS: Mostly Simple Displays but a Small Part is

Graphics Oriented

REQUIRED REI.ABILI: None

SoFI1%ARE SIZE

ASLOC: 69,160

OTHER: None I
(XXJNTING CNVDtION: Terminal Semicolons

% FOR REUSE: 10%, of software to be packaged for reuse

DEVEOPMENT OCESS l

MEIHODOLOGIES: Incremental Development
Small Up Front Design Teams
More Time Spent in Design, Less Time in Code,

Integration and Testing
Structured Proraming
Continuous Integration via Package Specs
Code Walkthroughs and Inspections
Design Walkthroughs and Inspections

REQUIREMENTS: Questionable Definition of System Requirements
Occasional or Moderate Software Requirement

Chanes

TOOLS AVAIIABLE: Basic Ada Language Tools
Documentation tools

STANDARDS USED: Tailored MIL-STD 480, 483, 490, 1521
MIL-S-52779
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I TYPE: Distributed System (Distributed Database)

WORKSTATION TYPES: 0 Workstations

HARDWARE DEVELOPED IN PARALLEL: Yes

TAm= VS. HOST: Same mahine, No cange Required

fTERACITVE RESPONSE TIME: 1-5 Secrds

I ~~Pia7EC~ TAFN

MANAGERS - Below Average (35%)
ANALYSTS - Average (55%)
PROGrAM44ERS - Average (55%)

TEAM COMPOSITION: Even Mixture of Experts and New Hires

I YEARS EXPERIENCE WIITH MACHINE: 0 Years

YEARS EXPERIENCE WITH ADA: 0 Years

YEARS EXPERIENCE WITH MEIHODOLOGY: 0 Years

EXPERIENCE WITH MODP: Reasonably Experienced in Some

TYPE OF TEAMS USED: Design and Programmnir Teams

TYPE OF PROJ= FOR STAFF: Although Company had a lot of
Experience in this field, for this

A Division it was First of its Kind

U STAFF AVAILABILITY: 100%

IDEVE=PMEN fr:S T

NUMBER OF SITES DEVELOPMENT OCCJRRED ON: 1

PERCENT OF COMPE2 RESOURCES AVAILABLE: 80%

RATIO OF TERMNAIS TO PERSONNEL: 1 Per Person

SECURITY RPJ EI S: Unclassified
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PMYECT DESCRIPTION

APPLICATION YPE: Ca enard ant Control
Ccaponent within a System I

C MPLEXITY: Complex Dynamic Resource Allocation
Multiple Exception Handlers

TESTING REQUIRED: Normal resting By Developer

DISPLAYS: Pressure Sensitive Devices

REQUIRED RELIABILTY: None

SOFTWARE SIZE

ASLOC: 16,470

OTHER: 1,830 Assembly

COJJTING CONVENTION: Terminal Semicolons

% FOR REUSE: 15% of Software Packaged for Reuse

DEVEIOMPET PROCESS

MEIHDOLOGIES: Waterfall Development
Phased BuildsIObject Oriented Methods Plus Structured

Program~ming
Monthly Project Reviews
Exception Handlers
Compilable Package Specs by PCR

REQITREMERM: Fairly Complete System Requirements
Many Major Software Requirements Changes I

TOOLS AVAILABLE: Basic Ada laquage Tools
No Documentation Tools

STANDARDS USED: Tailored MIL-STD 1679A
MIL-S-52779A

H
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CUMPLM M

I TYPE: Mainframe with ASCII Terminal
Functional Processors Cma, icating via Bus

WORKSTATION TYPES: 0

HARUWARE DEVELOPED IN PARALLEL: Yes

TARGET VS. HOST: Different Machines
Major Language and Systen Change Required

frERAC1'IVE RESPONSE TIM: Subsecond

PRJECT SAFN

RATING:

MANAGERS - Above Aver-age (75%)
ANALYSTS - Above Average (75%)

P- Average (55%)

TEAM COMPOSITION: Even Mixture of Experts and New Hires

YEARS EXPERIENCE WITH APPLICATION: 5 Years

YEARS EXPERIENCE WITH MACHINE: 3 Years

YEARS EXPERIENCE WITH ADA: 0 Years

YEARS XPERIENCE WITH METHO7DfOIGY: 2 Years

EXPERIENCE WIMh MDP: Beginningi

TYPE OF TEAMS USED: Design and Programming Teams

TYPE OF PROJECT FOR STAFF: Normal New Project

STAFF AVAILABILITY: 100%

DEVE4I ' EVIM)MEI

NUMBER OF SITES DEVELOPMENT OCCURRED ON: 1

PERCENT OF CCHPUTER RESOURCES AVAILABLE: 70%

RATIO OF TER41NALS TO PERSONNEL: 3 Per Person

SECURITY REUIR4INTS: Unclassified
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